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Sir: 

I, the applicant, on the ground of newly submitted references, strongly 
protest against the claim rejections. 

The reason the examiner raised to reject the claim was that experts who 
had the knowledge taught by MacAulay et al. (United States Patent Number 
5,590,660. Filed: Mar. 28, 1994) and Wagnieres et al could easily develop 
the same invention as mine. But, the newly-submitted references described 
later clearly prove that this is completely not correct. 

In 1998, Lam et al. (Reference 1) pubhshed the results of an initial trial 
performed with the laser-induced fluorescence endoscopy (LIFE) system 
(Xillix Tbchnologies, Vancouver, Canada) (which is the invention of 
MacAulay et al.) in 173 patients with suspected limg cancer in whom white 
Ught bronchoscopy was followed by autofluorescence (AF) bronchoscopy. 
However, researchers found out that there were some significant problems of 
the LIFE systems. 
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1) LIFE employs a helium-cadmium laser light source, with two image 
intensifier CCD cameras and a color video monitor for imaging. The 
system is somewhat bulky and, due to the two cameras, it does not allow 
direct and immediate comparison of white light and AF image (Reference 
2, page 396). 

2) LIFE has difficulty distinguishing between preinvasive lesions and 
other benign epithehal changes such as bronchitis, which frequently is 
present in patients whose sputum cytology is suspicious of mahgnancy or 
positive for maUgnancy (Reference 3, page 308). The specificity of 
fluorescence bronchoscopy is reported to be rather low with up to 
one-third of the areas of abnormal fluorescence representing false 
positive. And it is noted that this low specificity leads to unnecessary 
biopsies, resulting in greater economic cost and longer examination time 
(Reference 3, page 308), 

3) In a randomized cross-over study, no increase in the rate of detection of 
high-grade dysplasia or early cancer was found in Barrett's esophagus 
(BE) when using LIFE. There are two possible explanations for these 
results. First, in the ctirrently available prototypes, the algorithm used 
to construct the AF image may not be optimal for BE; it only accounts for 
the ratio of red to green AF and does not incorporate information fi'om 
reflected light. The lAFK systems studied included fiberoptic 
endoscopes, which provide a poor white'Ii pfht im age compared with 
currently available, high-quality videoendoseopes (Reference 4, page 
679). 

(It should be emphasised here that £rom the above facts it becomes 
evident that based on the knowledge taught by MacAulay et al. it is 
practically impossible to integrate the fluorescence image with images 
provided by reflectance light even in the year 2005 when Reference 4 was 
published.) 

In order to solve these problems, newer AF systems have been introduced 
which are cheaper and more convenient in their handling. These include 
D"hght system (Storz, Tuttlingen-Germany) (Reference 5) and the SAFE 
1000 (References 6-7) autofluorescence systems (Pentax, Asahi Optical 
Tokyo, Japan) 
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D -light system 

The D-Hght system uses a 300-watt xenon lamp, which is optimized for 
blue Ught transmission. In the AF mode, wavelengths form 380 to 460 
nm are used for excitation. For detection, a filter integrated in the 
eyepiece of the bronchoscope blocks most of the excitation light. Light 
intensity and quality of image enable investigation vmder direct AF 
guidance. A single small camera enables the white light and 
fluorescence images, which can be directly observed under dimmed 
dayhght (Reference 2, page 397). In combination with some reflectance 
of blue Hght fi*om the tissue, the D-Hght produces bluish images for 
normal areas and darkened images in case of malignancies (Reference 8, 
page 160). 

SAFE 1000 autofluorescence system 

In this system, excitation uses a Xenon-lamp (wavelengths firom 420 to 
480 nm) and the camera contains a fluorescence filter as weU as an image 
intensifier (References 6; United States Patent Number: 5,891,016. 
Filed: Oct. 30, 1996), (References 7-8). 

In 2001 Homasson et al. denoted that LIFE, using a laser 
helium -cadmium excitation source, was expensive and bulky In 
contrast, SAFE 1000 and D'light systems without using laser illumintion 
are easy to use. Lower cost would allow more widespread use of these 
systems currently reserved for risk populations (Reference 9, abstract). 
In 2003, Herth et al. (Reference 2) compared two fluorescence-imaging 
systems, LIFE (Xillix Technologies, Vancouver, Canada) versus the 
D-Hght system (Storz, Tuttlingen* Germany; actually a 
fluorescence -reflectance system) in 332 patients at risk. Both systems 
yielded comparable results, i.e. no significant differences in finding or 
missing (pre-) neoplastic lesions, and the D'Ught is easier to handle, 
leading to a shorter average examnination time of 8 versus 12 min for 
LIFE (Reference 2, page 395; Reference 10, page 347). 

However, it was considered that the SAFE* 1000 and the D-Ught 
systems were still not good enough. As LIFE, these systems use a 
fiberscope in combination with CCD camera (References 5-7). The 
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SAFE* 1000 provides only dim fluorescence images as LIFE (Reference 3, 
page 310, figure 3; Reference 2, page 398, figure l). The image of the 
D "light system, although using combination with some reflectance of blue 
hght from the tissue, is still quite dim (Reference 2, page 398, figure 2). 
The SAFE- 1000 and the D-hght systems have also a low specificity for 
diagnosing preinvasive lesions of the limg as LIFE does (Reference 3, 
page 312). 

In order to cover the disadvantage of dim fluorescence image, Pentax 
(Asahi Optical Tokyo, Japan) has developed a new fluorescence diagnosis 
endoscope system (Reference 11; United States Patent Number: 6,099,466. 
Filed: Nov. 10, 1997) able to provide simultaneously the fluorescence 
image and white Ught image. A pair of image receiving elements are 
placed at the tip of an endoscope; one with a fluorescence filter to provide 
fluorescence image and the other monochromatic one without any filter to 
provide white hght image. It is noteworthy that in this system a rotary 
red/green/blue band-pass filter is used to provide white light image. 
However, the inventors had no idea that they could obtain an integrated 
im^e of the fluorescence image and img^es provided by reflectance lights 
just by placing the fluorescence filter in firont of the monochromatic image 
receiving element. 

The idea to integrate the fluorescence image with the remittance light 
image did not appear in United States Patent Number: 6,280,378 filed: 
May 28, 1999, either (Reference 12). As United States Patent Number: 
6,099,466, fluorescence image and white hght image are simultaneously 
shown on separated screens. Compared to LIFE, the SAFE- 1000 and 
the D hght systems, United States Patent Numbers: 6,099,466 and 
6,280,378 made a progress by using videoscope instead of fiberscope and 
using charge -coupled devices (CCD) instead of bulky CCD camera. 
However, that the fluorescence image is quite dim cannot be resolved by 
these inventions, because they do not integrate the fluorescence image 
with the remittance Ught image. 

In 2005 there were reports (References 3-4) on a newly developed 
prototype autofluorescence imaging videoscope system provided by 
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Olympus Optic Co, Ltd, Tokyo, Japan. In this system, a high-resolution 
videoendoscope is used to produce high-quality white light images. 
Moreover, a different algorithm (£rom that of LIFE) is used to construct 
an autoHuorescence (AF) image (Reference 4, page 680), This system 
has a xenon light source (XCLV-260HP; Olympus), with a rotary 
red/green/blue band-pass Glter. With this light source, the mucosa is 
sequentially illuminated with red, green, and blue light at a &equency of 
20 cycles per second. The high-resolution videoendoscope in this system 
has two separate monochromatic charge -coupled devices (CCD)j one for 
white-light endoscopy (WLE), and one for AFI In the WLE mode, the 
rejected red, green, and blue light is detected by the standard CCD and 
is converted to an electronic signal that is passed to the videoprocessor, 
which is synchronized with the rotary Biter The processor electronically 
overlays the red, green, and blue signals to produce a high-quality 
white-light image. In the AFI mode, blue spectrum light (wavelengths 
ftom 395 to 475 nm) is delivered for excitation of AF, together with light 
in the green (wavelengths &om 540 to 560 nm) and the red (wavelengths 
from 600 to 620 nm) spectra. The AFI CCD has a barrier Glter that 
allows detection of all light with a wavelength between 490 and 625 nm, 
thereby eliminating the blue excitation light The sequentially detected 
images A-om AF, green reflectance, and red reflectance are integrated by 
the image processor into one AF image. The AF image, therefore, has 3 
spectral components' (l) total autofluorescence in response to blue light 
excitation, (2) green reflectance hght, and (3) red reflectance hght 
(Reference 4, page 680). The AF images obtained are brighter and of 
higher resolution than those of LIFE (Reference 3, page 310, Bgure 3^ 
Reference 4, page 681, £gures 1 and 2). The speci£city in detecting 
lung preinvasive lesion by this newly developed autofluorescence imaging 
bronchovideoscope system (83,3%) was signi£cantly higher than that of 
LIFE (36,6%) (p=0.0005). It was concluded that autofluorescence 
imaging broncbovideosmpe system appears to represent a sisniScant 
advant^ in distdneruishing preinvasive and malignant lesions Grom 
broncbitia or hyperplBsia under circumstances where LLt^JS would 
identify these all as abnormal lesions (Referen(^ 3. pasres 307-308). It 
was also concluded that this autofluorescence imaging videoendoscoDe 
system may improve the detection ofbierh erade dysvlasia/early cancer in 
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patients with Barrett's esopbasus (Beference 4. paee 679). 

Note that the algoiithm used in this newly developed autofluorescence 
imaging videoscope system is exactly the same as that of my invention 
(Reference 13, page 567-569). In my paper published in the year 2002, it 
has already been noted that my fluorescence electronic endoscopic system 
coidd be used to observe autofluorescence also (Reference 13, page 667, 
figure 8F). There is only minor difference in displaying the images. In 
my paper, the autofluorescence image is displayed as blue, the green 
reflectance light ims^e as green and the red reflectance light image as 
red (RefiBrence 13, page 570, figure 13). In References 3 and 4, the 
autofluorescence image is displayed as green, the green reflectance Hght 
image as red and the red reflectance light image as blue (Reference 3, 
page 309). I, therefore, consider that Refemces 3 and 4 are the 
evidences showing violations of my Japanese patent by Olympus. 

From the References mentioned above, it becomes evident that experts 
in endoscopic field (Reference 4, p£^e 680) accept that my invention uses 
different algorithm from that of LIFE developed based on the knowledge 
taught by MacAulay et al. (United States Patent Number 5,690,660. 
Filed: Mar. 28, 1994), and that my system is superior to LIFE in aU 
aspects^ much br^hter and higher resolution image, much easier to 
operate and much cheaper. Moreover, the specificity ia detecting 
preinvasive lesions is significantly higher (Reference 3, pc^es 307-308). 
I, therefore, see no reasons why my invention should not deserve the 
United States Patent. It would be really ridiculous if the examiner who 
is not an expert would still consider that it was easy to develop the same 
invention as mine with the knowledge taught by MacAulay et al. and the 
knowledge of using a monochromatic CCD together with a rotary 
red/green/blue band-p ass filter in videoendoscope (this type of 
videoendoscope has been used around the world for more than 15 years) 
(References 14; United States Patent Number: 4,870,487. Filed: Sep. 15, 
1988). K it was easy to do so, it should not have taken about 7 years 
since the development of LIFE system (Reference 1) for Olympus to 
develop prototype video autofluorescence endoscopy system with the 
same algorithm as mine (References 3-4); after the development of LIFE, 
Storz shoidd never have developed the D-light system and Pentax should 
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never have developed the SAFE- 1000, both of which are still much 
inferior to my invention. The history of developing autofluorescence 
endoscopy system (References 1-12) proves by itself that it was not easy 
for endoscopic experts of Xillix Technologies, Storz, Pentax, Fnjinon and 
Olympus to develop the same invention as mine. 
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^FERENCE 1 J 

Localization of Bronchial Intraepithelial Neoplastic 
Lesions by Fluorescence Bronchoscopy* 

Stephen Lam, MD, FCCP; Timothy Kemiedij, MD, FCCP; 
Michael Ungcr, MD, FCCP; York E. Miller, MD; David Celmont, MD, FCCP; 
Valerie Riisch, MD, FCCP; Bmce Gipe, MD, FCCP; David Howard, MD;* 
Jean C. LeRiche, MB; Andrew Coldman, PhD; ami Adi F. Gaz-dar, MB 



Background: In tlie treatment of lung cancer, the best outcome is achieved when the lesion is 
discovered in tlie intraepithelial (preinvasive) stage. However, intraepithehal neoplastic lesions 
are difficult to localize by conventional white-Ught bronchoscopy (WLB). 

Objective: To determine if autofluorescence bronchoscopy, when used as an adjunct to WLB, 
could improve the bronchoscopist's ability to locate and remove biopsy specimens from areas 
suspicious of intraepithelial neoplasia as compared with WLB alone. 

Method: A multicenter clinical tinal was conducted in seven institutions in the United States and 
Canada. WLB followed by fluorescence examination with the hght-induced fluorescence endos- 
copy (LIFE) device was perfonned in 173 subjects known or suspected to have lung cancer. 
Biopsy specimens were taken from all areas suspicious of moderate dysplasia or worse on WLB 
and/or LIFE examination. In addition, random biopsy specimens were also taken from other 
paii:s of the bronchial tree. 

Results: The relative sensitivity of WLB+LIFE vs WLB alone was 6.3 for intraepithehal neoplastic 
lesions and 2.71 when invasive carcinomas were also included. The positive predictive value was 
0.33 and 0.39 and the negative predictive value was 0.89 and 0.83, respectively, for WLB + LIFE 
and WLB alone. 

Conclusion: Autofluorescence bronchoscopy, when used as an adjunct to standard WLB, 
enhances the bronchoscopist's ability to localize small neoplastic lesions, especially intraepithelial 
lesions that may have signiflcant implication in the management of lung cancer in the future. 

(CHEST 1998; 113:696-702) 

Key words: autofluorescence; bronchoscopy; early detection; lung neoplasm 

Abbreviations: CI = confidence iiiteival; LIFE = light-induced fluorescence endoscopy; WLB=wliite-light 
bronchoscopy 



T ung caiicer is tlie most common cause of cancer 
' deaths in Noitli America. Despite advances in tlie 

*Froni die British Columbia Guicer Agency (Dr. Liuii), Viuicouver, 
BC, Ouiaclii; PiTfcsibyteriiUi/St. Luke's Metlicid Cejiter (Dr. Kennedy), 
and Denver Vetenuis Aflraii:s Medical Center (Dn Miller), Univei*sity 
of Colorado Cancer Center, Denver; Pemisylviinia Hospittil (Dr. 
Unger), Pliiladelpliiii; Universin' of Soutlieni Califomiii/Kennetli Nor- 
lis Jr. Ciuicer Center (Dr. Gebiiont), Los Ajigeles; MenioriiJ SloiUi- 
Ketteriiig Ciuicer Center (Dr. Riisch), New York; Univereity of 
California, Los Angeles (Dr. Gij^e); EviuisviUe Quicer Center/St. 
Mary's HosjDitiil (Dr. Howaixl),' Eviuisxdlle, Ind; Dejxirhiients of 
Padiology (Dr. LeRiche) and Epidemiology (Dr. Coldmiui), British 
Columbia Guicer Re^uvh Cejitre, Viuicouver, BC; and Deixutnient 
of Patliology (Dr. Giizdiu ), Hiuiion Qmcei- Center, UT SouOnvestem 
Medical Center at Dall;is. 
^Deceased. 

Piutiiilly snpjxjrted by Xillix Tecluiolpgies Corp. Tlie Colorado site 
was also putially snpjxjrted by tlie Linig Guicer S1K)KE gnuit fixjni 
tlie NatioHiil Guicer hLStitute (No. P5(fCA58187), tlie Univei:sity of 
Colonido Guicej- Center, and tlie De^xutment of Veterans Aflaii-s. 
Tlie Penns)dviuiia Hospital site wiis piutially supixjited by tlie Penn- 
sylvtuiia Hospitd EidJer Laser Center iuid a gnuit from tlie Betz 
Foundition (No. 66a300), 
Manuscript received June 17, 1997; revision accepted August 29. 
Rqmitt reiftia^its': Stephen Lam, MD, FCCP, Main Floor, 2775 
Heather Street, Vancouver, BC, Canada V5Z 3J5. 



detection and ti-eatment of many cancel's leading to 
improvements in tlie 5-year sumval rates, the suivival 
rate for lung cancer continues to be <15%.^ The main 
reason for the continued low sumval rate for lung 
cancer patients is tliat tunioi^s ai^e found at a late 
invasive stage, when die options for treatment are 
mostly palliative. Experience in other epidielitil organs 
such as die ceivix, esophagus, and colon has sliowi diat 
if die neoplastic lesions can be detected and treated in 
the intraepidieliiJ stage, die cure rate Cim be improved 
significandy.-"* Unforttmately, in die tracheobroncliial 
tree, aldiough a number of endobroncliial tieatment 
modalities have been developed for die curative treat- 
ment of sniiill intraepidieliiil (preinviisive) neopltistic 
lesions;^-'* identifying individuals harboring diese le- 
sions and localizing dieir exact sites remain problem- 
atic. For example, in a study by Woolner,^ only 29% of 
the Ccucinoma in situ detected by sputum cytology 
examination could be localized by conventional white- 
light bronchoscopy (WLB). 
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Clinical Investigations 



when the bronchuil surface is illuminated by light, 
the light can be reflected, back-scattered, absorbed! 
or induce tissue fluorescence. Conventional white- 
light examination makes use of the first three optical 
properties — a process that is known as reflectance 
imaging. The tissue autofluorescence is not visible to 
the unaided eye because its intensity is veiy low and 
overwhelmed by the reflected and back-scattered 
light. However, with suitable instrumentation, the 
tissue autofluorescence can be visualized.^" It was 
further observed that fluorescence intensity differs 
significantly between normal and neophistic tissues 
and diat this difference can be exploited to enhance 
our ability to localize areas of intraepitheliiil neopla- 
sia in the tracheobroncliial tree.^^-^^ 

The objective of this study was to determine if 
fluorescence bronchoscopy using the light-induced 
fluorescence endoscopy (LIFE) device (Xillix LIFE- 
Lung Fluorescence Endoscopy System; XillLx Tech- 
nologies Corp; Richmond, BC, Canada), when used 
as an adjunct to WLB, could improve the broncho- 
scopist's ability to locate areas suspicious of intraepi- 
thehal neoplasia for biopsy and pathologic examina- 
tion, cxs compared with WLB alone. Intraepithelial 
neoplasia was defined as lesions that were moderate/ 
severe dysplasia or carcinoma in situ. These lesions 
were considered to be important to detect because 
previous studies showed that approximately 10% of 
moderate dysplasia and 40 to 83% of severe dysplasia 
will progress to invasive cancer, ^'^-i*'' 



Materials and Methods 

The clinical tried vviis conducted at seven institutions: sLx in tlie 
United States and one in CcUiada. The protocol was approved by 
the institutional review board at each participating center, and 
written informed consent wtis obtained from all patients. 

Study Design 

Study Population: One hundred eighty-six subjects were eval- 
uated for study participation. The criteria for enrollment in the 
study were iis follows: (1) patients with known or suspected 
bronchogenic carcinoma who were scheduled for bronchoscopy 
as part of a standard diagnostic workup; (2) patients with 
completely resected stage 1 lung cancer without evidence of 
metastatic diseiise; and (3) patients with moderate or higher 
degree of atypia in dteir sputum cytologic study with a normal 
chest radiograph. Patients were excluded from the study if they 
had received photosensitizing agents such as hematoporphyrin 
derivative or chemopreventive drugs such cis retinoids within 3 
months prior to the bronchoscopic procedure, radiotherapy to 
the chest, or cytoto.xic chemotherapy agents within 6 months of 
the procedure. Other exclusion criteria were kniown or suspected 
pneumonia, acute purulent bronchitis, uncontrolled hyperten- 
sion, unstable angina, bleeding cUsordei-s, pregnancy, and known 
reactions to topicd lidocaine (Xylocciine). 

One hundred seventy-three subjects met the enrollment crite- 
ria. Of diese, 1 14 were suspected to have lung cancer biised on 



their symptoms, smoking history, age, and/or an abnormal chest 
radiograph; 29 had abnormal sputum cytology findings and a 
normal chest radiograph; 19 had previous resection for lung 
cancer; and the remmning H were known to have lung cancer 
from previous investigations. 

The bronchoscopic pr-ocedure was perfonned in three stages. 
First, standard white-light examination was carried out. VVidi the 
exception of those patients who were to go on to have a 
thoracotomy, the procedure was carried out under local anesthe- 
sia to the upper airways with or widiout sedation using a 
fiberoptic bronchoscope (Olympus BF20D; Olympus America 
Inc; Melville, NY). Normal and abnormal areiis iis well as areas 
suspicious of intraepithehal neoplasia or invasive caicinoma were 
recorded in the image management system of the LIFE device in 
both digital form and on super VHS video in real time with a 
video camera. A three-point classification system was used (Table 
1). No change in cicissification in any site was allowed once the 
white-light examination had been completed. Under this visual 
cliissification system, areas without any visucil abnormality were 
classified as class 1. Under white-light examination, areas with 
nonspecific eiythema, swelling or thickening of the bronchiiil 
mucosa, bronchoscopic trauma, anatomic anomalies, or granula- 
tion tissue were classified as class 2. Nodular/polypoid lesions, 
irregularity of the bronchial mucosa, or focal thickening of a 
subcarina suspicious for high-grade dysplasia or cancer were 
labeled as class 3. Under fluorescence examination, normal areas 
appear as green while areas suspicious of moderate dysplasia or 
worse had a definite brown or brownish-red color. The latter was 
labeled <is chiss 3. Areiis that were slightly brown with ill-defined 
margins that could be easily missed were labeled as class 2. These 
color changes conesponded to our previous spectroscopic finding 
that as the tissue changed from norniiil to hyperplasia, metaphisia, 
various grades of dyspUisia, carcinoma in situ, and dien to invasive 
cancer, there was a progressive decrease in die intensity of the 
emitted fluorescence, especicilly in the green region of the 
fluorescence spectrLun.^' The LIFE-lung device was calibrated 
by the manufacturer to maximize the color difference between 
the benign or "low-risk" lesions (hyperplasia/metaplasia/mild 
dysplasia) vs the "high-risk" lesions (moderate dysphisia or higher 
grade) to reduce the probability of false -positive biopsy speci- 
mens. 

At the second stage, while the bronchoscope remained in place 
in the trachea of the patient, the examination was repeated after 
changing the camera to the fluorescence camera and the light 
illumination from a white-light xenon lamp to a blue light from a 
helium-cadmium U\ser (442-nm wavelength). Detmls of the LIFE 
device have been reported previously.'' During the fluorescence 
examination, the physician wtis again required to identify and 
chissify areas of abnormahty with the same chissification scheme 
in Table 1. 

Following the visual bronchoscopic examinations, in the third 
stage, biopsy specimens were obtiiined from all areiis graded as 



Table 1 — Visual Identification of Normal and 
Abnormal Bronchoscopic Findings 



Ckiss No. 


Description 


Findings 


1 "Nonnal" 


No visual abnormality 


Negative 


2 "Abnormal" 


Inflanimation, trauma, granulation 


Negative 




tissue, 11)^6 rpUisia, nietapUisia, 




mild dysplasia 




3 ''Suspicious" 


Changes suggestive of moderate/ 


Positive 




severe dysphxsia, carcinoma in 






situ, or invasive cancer 
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class 3 by either white light or fluorescence examination. Some of 
the biopsies were performed under the fluorescence examination 
to assure proper acquisition of tissue from very small suspicious 
areas. Two to four biops)^ specimens were also taken from areas 
identified as class 1 and/or 2. The biopsy slides were first 
evaluated by the local pathologist without knowledge of chnical 
findings and then all were reviewed by two reference pathologists 
(J.C.L.. A-F.G.) who were blinded to the previous results. The 
pathologists coded tlie biopsy slides based on a nine-point 
scheme (Table 2). The final pathologic diagnosis was detennined 
by a majorit)' decision of the three pathologists. If a final diagnosis 
could not be reached, the two reference pathologists rereviewed 
the slides and came to a consensus. Intraepithelial neoplasia was 
defined as lesions that were graded as moderate/severe dysplasia 
or carcinoma in situ (grades 5 and 6, Table 2). 

A biopsy specimen was considered evaluable and included in 
the study if the bronchial epithelium was intact for interpretation 
and a matching pair of white-light and fiuorescence images of the 
biopsy site was available for review by the clinical trial monitor. 

Statistical Analysis 

The physician's bronclioscopic classification was converted 
from a three-point scale to a two-point scale, such that class 1 and 
2 becaine "negative" ( — ) and class 3 became "positive" ( + ) 
(Table 1). The final pathologic diagnosis was converted from a 
nine-point scale (Table 2) to a three-point scale; codes 1 to 4 were 
labeled as "negative" (-); codes 5 to 8 were labeled as "positive" 
( + ); and code 9 was labeled as not evaluable. 

Statistically unbiased estimates of sensitivity and specificity 
were not possible to obtain because serial sections of the entire 
tracheobronchial tree would need to be examined after the 
bronchoscopic procedures for these to be defined. However, 
since the objective of the study was to deteniiine whether the 
addition of fluorescence (LIFE) examination to WLB was better 
than WLB alone, the relative sensitivity, or the ratio of the 
sensitivity of WLB + LIFE as compared with WLB alone, along 
with the 95% confidence inteival (CI), was calculated to evaluate 
the contribution of die fluorescence examination to detect neo- 
plastic lesions. A relative sensitivity >1 would indicate a signifi- 
cant improvement of WLB + LIFE vs WLB alone. Two other 
statistically unbiased estimates, the positive predictive value and 
negative predictive value, were also calculated to evaluate the 
performance. 

The statistical analyses were calculated for all the data com- 
bined (moderate dysplasia or worse) as well as subsets of the data, 
such as moderate/severe dysplasia and carcinoma in situ (intra- 
epitlielial neoplasia). The data were analyzed on a per lesion basis 
and a per patient basis. For the per lesion analysis, each biopsy 
specimen was evaluated and considered positive if the final 
diagnosis was positive. For the per patient analysis, each patient 
WAS considered positive if he or she had at least one positive 
lesion (biopsy). 

Table 2 — Pathology Coding 





Negative 




Positive 


Code 


1 


Code 


,.. - ,._ , 


No. 


Description 


No. 


Description 


1.0 


Normal 


5.0 


M ode rate/seve re dyspl asi a 


2.0 


Innammation 


6.0 


Carcinoma in situ 


3.0 


Hyperplasia/squamous 


7.0 


Microinv;isive carcinoma 




metaplasia 






4.0 


Mild dysplasia 


8.0 


Invasive carcinoma 


9.0 


Unsatisfactory 







Results 

There were 108 men and 65 women with a mean 
age of 63 years (range, 36 to 87 years). Ninety-three 
percent of the participants were current or former 
smokers with mean pack-years (packs per day X 
number of years smoked) of 54. A total of 864 biopsy 
specimens were taken. Of these, 164 were not 
evaluable — 111 because the epitheHum was lost or 
mostly lost during the biopsy procedure and 53 
because no matching pair of white-light and fluores- 
cence images were recorded for review. The final 
pathologic diagnosis for the remaining 700 biopsy 
specimens were as follows: normal in 321; hypei-pla- 
sia, metaplasia, or mild dysplasia in 237; moderate/ 
severe dysplasia in 93; carcinoma in situ in 9; and 
invasive carcinoma in 40. Thus, a total of 142 biopsy 
specimens (20%) were graded as moderate dysplasia 
or worse; this was then used as the standard to 
determine the relative sensitivity of the broncho- 
scopic procedures. 

On a lesion -by-lesion analysis, WLB alone de- 
tected 35 of 142 lesions tliat were moderate dysplasia 
or worse. With the addition, of fluorescence bron- 
choscopy, 95 of 142 lesions were localized (Fig 1). 
The remaining 47 lesions were found by the random 
biopsy specimens from areas that were classified as 
1/2 (21/47 lesions were class 1 and 26/47 lesions were 
class 2); these lesions were classified as false -negative 
biopsy specimens. Therefore, the relative sensitivity 
of WLB + LIFE vs WLB alone was 2.71 (95% CI, 
2.13 to 3.70) (Table 3). 

On a per patient basis, the sensitivity of WLB for 
detecting individuals harboring at least one lesion of 
moderate dysplasia or worse was 37.3%; with the 
addition of the fluorescence examination, the sensi- 
tivity was 75% (Fig 2). Therefore, the relative sensi- 
tivity was 2.00 (95% CI, 1.45 to 2.76). 

Probably a much more important result of the 
clinical study is the effectiveness of fluorescence 
bronchoscopy for localization of intraepithelial le- 
sions (moderate or severe dysplasia and carcinoma in 
situ). Of the 102 intraepithehal lesions, only 9 (8.8%) 
were localized by WLB alone, whereas the addition 
of the fluorescence examination identified 57 sites 
(55.9%). Therefore, the relative sensitivity of 
WLB + LIFE vs WLB alone for intraepithehal le- 
sions was 6.3 (95% CI, 3.6 to 12.5) (Table 3). 

Forty lesions were classified as invasive carcinoma. 
Twenty-six cancers (65%) were visible by WLB 
alone. WLB + LIFE identified a total of 38 tumors 
(95%). The remaining two tumors were not recog- 
nized as abnonnal by both examinations. They were 
found by random biopsies of apparently normal areas 
as control biopsies. Two submucosal tumors were 
negative on LIFE examination but positive by WLB. 
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Evaluable Lesions 
n = 700 



Normal / Metaplasia or 
Mild Dysplasia oh Biopsy 
n=558 (79.7%) 



WLB 
. Normal 
n='504 (90.3%) 



/ \ Moderate or Severe 

/ \ Dysplasia or Worse 

/ \ " 



WLB 



WLB + LIFE 
Normal 
n=368 (66.0%) 



WLB + LIFE 
Moderate or Severe 
Dysplasia or Worse 
n=190 (34.1%) 



Moderate or Severe Dysplasia/ 
Carcinoma in Situ f Carcinoma on Biopsy 
n=142 (20.3%) 



WLB 
Normal 
n=107 (75.4%) 




WLB ^ LIFE 

Normal 
n=47 (33.1%) 



WLB 

Moderate or Severe 
Dysplasia or Worse 
n=35 (24.6%) 



WLB + LIFE 
Moderate or Severe 
Dysplasia or Worse 

n=95 (66.9%) 



Figure 1. Lesion-by-Iesiou analysis. Results of WLB and WLB + LIFE compared with results on 
biopsy specimen. 



Therefore, the relative sensitivity of WLB + LIFE vs 
WLB alone for invasive carcinoma w^as 1.46 (95% CI, 
1.21 to 1.95). 

Safety 

The addition of the fluorescence examination 
added an average of 13.8 min to a standard WLB, 
which took an average of 9.4 min. There w^ere no 
adverse events related to the use of the device. 



Discussion 

Intraepithelial (preinvasive) neoplasia starts with a 
molecular phase, in which the epithelium is morpho- 
logically normal but is luidergoing genomic instabil- 
ity, followed by a morphologic phase, in which 
aberrant proliferative foci with nuclear and cytologic 
changes termed dysplasia and carcinoma in situ form 
the basis for the microscopic diagnosis of preinvasive 



Table 3 — Summary of Clinical Data per Lesion 
Analysis* 





Moderate 


Intraepithelial 




Dysplas iaAVo rse 


Neopliisia 




WLB WLB + LIFE 


WLB 


WLB + LIFE 


Sensitivity 


0.25 0.67 


0.09 


0.56 


Positive predictive value 


0.39 0.33 


0.14 


0.23 


Negative predictive value 


0.S3 0.89 


0.84 


0.89 


False -positive rate 


0.10 0.34 


0.10 


0.34 


Relative sensitivity 


2.71 




6.3 



'Intraepithelial neopl asi a = moderate/severe dyspUisia and carcinoma 
in sittt; moderate dyspUisia/worse= intraepithelial neoplasia plus 
invasive carcinoma. 



or intraepithelial neoplasia. The concept of carci- 
nogenesis as a multistep process^^ suggests the pos- 
sibility of blocking or reversing the progression and 
thus presents opportunities for a more effective 
intervention in lung cancer. However, intraepithelial 
neoplastic lesions present a challenging diagnostic 
problem, even for experienced bronchoscopists. The 
reason for this is that these lesions are only a few cell 
layers thick and a few millimeters in surface diame- 
ter.^^ Because of this, they may not produce any 
visible abnormality on conventional WLB. In some 
cases, subtle changes can be observed in carcinoma 
in situ, consisting of an increase in redness, granu- 
lai-ity, or sUght thickening of the mucosa. Unfortu- 
nately, these changes may also be seen in patients 
with chronic bronchitis or other inflammatory airway 
diseases. The lack of progress in the use of conven- 
tional WLB for localization of intraepithelial neopla- 
sia is illustrated by two studies. 

In a study reported by Cortese and coworkers^ ^ in 
1983, 31.5% of the patients with sputum cytology- 
positive radiographically occult lung cancer required 
more than one bronchoscopy for localization. Ten 
years later, despite a better understanding of the 
bronchoscopic appearance of early lung cancer, 
Bechtel and coworkers-^ found that 39% required 
more than one bronchoscopy for localization of the 
source of tlie cancer cells found by sputum cytology 
examination. This is despite the fact that, on average, 
only a small proportion of these radiographically 
occult lung cancers were in the in situ stage (33% 
and 14%, respectively), while the remaining were 
invasive cancers and hence larger and easier to be 
visualized bronchoscopically. If a lesion could not be 
seen, a repeat bronchoscopy widi multiple segmental 
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Evaluable Patients 
n = 173 



Normal / Metaplasia or 
Mild Dysplasia on Biopsy 
n=98 (56.6%) 




WLB 

Moderate or Severe 
Dysplasia or Worse 
n=22 (22%) 



WLB + LIFE WLB + LIFE 

Normal Moderate or Severe 

n=4 1 (42%) Dysplasia or Worse 

n=57 (58%) 



Figure 2. Patient-by-patient analysis. Results of 
biopsy specimen. 



bronchial biusliings and blind spur biopsies were 
done for localization. Clearly, the task of localizing 
intraepithehal lesions would be much easier if these 
lesions could be made visible by other means for 
direct biopsy. 

In the present study, the relative sensitivity of 
LIFE + WLB vs WLB alone was found to be 6.3 for 
intraepithelial neoplastic lesions and 2.71 when in- 
vasive carcinomas were included. Thus, tlie addition 
of fluorescence examination to WLB resulted in the 
detection of a significant number of early intraepi- 
thehal neoplastic lesions diat would otherwise be 
missed. Localization of invasive carcinoma was not 
the objective of the LIFE examination since most of 
these lesions are usually visible under WLB. On a 
per patient basis, the addition of LIFE to WLB 
doubled (28 to 56) the number of patients classified 
as positive. However, in this study, we observe that 
fluorescence bronchoscopy improved die detection 
rate of invasive carcinoma as well compared with 
WLB alone. 

The reason for the failure , of fluorescence bron- 
choscopy to localize some of the dysplastic lesions 
found by the random biopsies is not clear at present. 
Conventional histopadiologic study was used as the 
"gold standard" for comparison with the broncho- 
scopic findings. Although there is little disagreement 
in the diagnosis of normal tissue or invasive cancer, 
significant variation exists among pathologists in the 
interpretation of intraepithelial lesions.^-24 Recent 
advances in quantitative microscopy^-26 ^nd molec- 
ular genetic analysis^'-sQ lead to a more objec- 
tive classification. Prehminary studies suggest tliat 
abnormal tissue autofluorescence correlates better 



Moderate or Severe Dysplasia/ 
Carcinoma m Situ I Carcinoma on Biopsy 
n=75 (43.4%) 




WLB 

Moderate or Severe 
Dysplasia or Worse 
n=28 (37%) 



WLB + LIFE WLB + LIFE 

Normal Moderate or Severe 

n=1 9 (25%) Dysplasia or Worse 

n=56 (75%) 

WLB and WLB 4- LIFE compared with results on 



with morphometric measurement and molecular ge- 
netic analysis of the bronchial biopsy specimens than 
with die conventional histopathologic grade (C. 
MacAulay, AF Gazdar, unpubhshed data). A recent 
study showed that only a proportion of the dysplastic 
lesions expressed matrix metalloproteinases that can 
degrade die extracellular matrix.^" Using Monte- 
Carlo simulation, one of the major causes for die loss 
of autofluorescence in areas of dysplasia or cancer 
was found to be a decrease in the extracellular matrix 
content.31.32 remains to be shown whether dysplas- 
tic lesions that express extracellular matrix protein- 
ases or diose with certain molecular genetic abnor- 
mahties are the ones that would progress to invasive 
cancer. Up until now, there has been no tool that 
would allow sampling of intraepithelial neoplastic 
lesions in mvo, especially serial sampling of the same 
area over time to study the pathogenesis of lung 
cancer and the natural histoiy of these lesions. The 
availability of fluorescence bronchoscopy has now 
made it possible for these studies to be carried out to 
clarify these important issues. 2' 

The positive predictive value of LIFE + WLB 
was 0.33, which was similar to that with WLB 
alone (0.39). The gross appearance of intraepithe- 
lial neoplastic lesions and rarely even invasive 
cancer can be mimicked by other nonmalignant 
airway diseases. Although the low positive predic- 
tive value is not ideal, the increased sensitivity 
from the fluorescence examination is a true advan- 
tage. The additional biopsies in this study did not 
result in any adverse events. Furthermore, it is 
important to recognize that both bronchoscopic 
examinations simply serve as a guide for biopsy. 
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Diagnosis and decision regarding clinical intei"ven- 
tion are based on the pathologic findings and not 
the bronchoscopic findings. 

Recent advances in defining high-risk groups with 
a significant incidence of intraepithelial neoplasia,*^ 
computer-assisted image aniilysis of exfoliated spu- 
tum cells, ^^ -^ the development of monoclonal anti- 
bodies /"^-^^ and molecular biology techniques^*' pro- 
vide promise of a significant improvement in the 
sensitivity of sputum cytology examination to detect 
intraepithelial neoplastic lung lesions beyond what 
has been achieved by the conventional sputum cy- 
tology examination used in the screening studies 
more than two decades ago.^*^ However, the im- 
proved sensitivity of these newer detection methods 
may also mean that the size of the underlying 
bronchial lesions where the exfoliated cells are de- 
rived from will be smaller and even more difficult to 
localize with conventional WLB. Fluorescience bron- 
choscopy will become an increasingly important 
clinical tool when these newer sputum examination 
methods are made available for clinical use. 

The major questions that this study opens con- 
cern potential therapeutic approaches to these 
preinvasive and early invasive neoplastic lesions. 
Preliminary data from several studies strongly 
suggest that surgery might be avoided in some of 
the carcinoma in situ and microinvasive cancers 
when treated with photodynamic therapy. ^•^^•'^^ To 
our knowledge, there have been no other con- 
trolled studies using other techniques such as 
electrocautery, cryotherapy, thermal ablation with 
the YAG laser, or with brachy therapy since up 
until now, we do not have any other reliable 
technique for detection of these lesions in a 
high-risk population. As far as dysplastic lesions 
are concerned, this technique would facilitate 
development of randomized controlled studies for 
chemoprevention. With the increasing number of 
chemopreventive agents that are becoming avail- 
able,'*° sequential sampling of intraepithelial neo- 
plastic lesions using fluorescence bronchoscopy 
for biomarker studies before and after chemopre- 
vention would allow a more rapid identification of 
promising agents for population studies. 

The technology is now at hand for us to consider 
developing a new strategy to manage lung cancer 
better by combining sensitive detection and localiza- 
tion methods with chemoprevention and endobron- 
chial treatment modalities, all of which can be 
performed in an outpatient setting. 

Appendix 

The following centei"S and investigatoi-s participated in the 
LCOl Study Group: British Columbia Cancer Agency and the 



University of British Columbia, Vancouver, BC, Canada — S, 
Lam; Pennsylvania Hospital, Philadelphia — M. Unger and M,F, 
Cunnane; Presbyterian/St. Luke's Cancer Center, Denver Veter- 
ans Affairs Medical Center, and the Univei-sity of Colorado 
Cancer Center, Denver — ^T. Kennedy, Y. Miller. R. J. Schwartz, 
and R. Cook; Kenneth Norris Jr. Cancer Center, Los Ange- 
les — D. Gelmont and R. Barbers; Memorial Sioan-Kettering 
Cancer Center, New York — V. Rusch; University of CaUfomia, 
Los Angeles — B. Gipe, E.G. Holmes, and D. Kelley; Evansville 
Cancer Center, Evansville, Ind — D. Howard, A. Korba, R. 
Spears, P. Rosario, and S, Liuiib. Reference Pathologists: J.C. 
LeRiche, British Columbia Cancer Agency, Vancouver, BC; A.F. 
Gazdar, Hamon Cancer Center, Dallas. Consulting Statisticians: 
A. Goldman, British Columbia Cancer Researcli Centre, Vancou- 
ver, BC; C. Dorrier, BRI International, Arlington, Va. Clinical 
Trial Monitoi-s: D. Wisdahl, F. Catonio-Begley, and D. Mid- 
delaer, XillLx Technologies Corp. 



References 

1 Fry WA, Menck HR, Winchester DP. The national cancer 
data biose report on lung cancer. Cancer 1996; 77:1947-55 

2 Anderson GH, Boyes DA, Benedet JL, et aL Organization and 
results of the cervical cytology screening program in British 
Columbia, 1955-85. BMJ 1988; 296:975-78 

3 Winawer SJ, Zauber AG, Ho MN, et al. Prevention of 
colorectal cancer by colonoscopic polypectomy. N Engl 
J Med 1993; 329:1977-81 

4 Jiang T, Yan S, Zhao L. Preventing effect of 'liuwei dihuang 
decoction' on esophageal carcinoma. Jpn J Cancer Che- 
mother 1989; 16:1511-18 

5 Ozenne G, Vergnon JM, Roullier A, et al. Ciyotherapy of in 
situ or microinviisive bronchial carcinoma [abstract]. Chest 
1990; 98:105S 

6 Cavaliere S, Foccoli P, Toninelli C, et al. Nd:YAG laser 
therapy in lung cancer: an 11-year experience with 2,253 
applications in 1,585 patients. J Bronchol 1994; 1:105-11 

7 Sutedja TG, Schreurs AJ, Vanderschueren RG, et al. Bron- 
choscopic therapy in patients with intraluminal typical bron- 
chial carcinoid. Chest 1995; 107:556-58 

8 Funise K, Fukuoka M, Kato H, et al. A prospective phase II 
study of photodynamic therapy with Photofrin II for centrally 
located early-stage lung cancer. J Clin Oncol 1993; 11: 
ia52-57 

9 Woolner LB. Pathology of cancer detected cytologically. In: 
Atlas of early lung cancer: National Cancer Institute, National 
Institute of Health, US Department of Health and Human 
Services. Tokyo: Igaku-Shoin, 1983; 107-213 

10 Palcic B, Liim S, Hung J, et al. Detection and localization of 
early lung cancer by imaging techniques. Chest 1991; 99: 
742-43 

11 Hung J, Lam S, LeRiche JC, et al. Autofluorescence of 
normal and malignant bronchial tissue. Liisers Surg Med 
1991; 11:99-105 

12 Lam S, MacAulay C, Hung J, et al. Detection of dysplasia and 
carcinoma in situ using a lung imaging fluorescence endos- 
copy (LIFE) device. J Thorac Cardioviisc Surg 1993; 105: 
1035-40 

13 Lam S, MacAulay C, LeRiche JC, et al. Early localiziition of 
bronchogenic carcinoma. Diagn Ther Endosc 1994; 1:75-78 

14 Risse EKJ, Vooijs GP, van't Hof MA. Diagnostic sigiiificance 
of 'severe dyspUisia* in sputum cytology. Acta Cytol 1988; 
32:629-34 

15 Band P. Feldstein M, Saccomanno G. Reversibility of bron- 
chial marked aty^sia: implication for chemoprevention. Can- 
cer Detect Treat 1986; 9:157-60 



CHEST / 1 1 3 / 3 / MARCH, 1 998 701 



16 Frost ]K, Ball WC Jr, Le\in MI, et al. Sputimi cytologj': use 
and potential in monitoring the workplace en\ironment by 
screening for biological effects of exposure. J Occup Med 
19S6; 28:692-703 

17 Lam S, Profio AE. Fluorescence tumor detection. In: Hetzel 
MR, ed. Minimally invasive techniques in thoracic medicine 
and surgei-y. London: Chapman & Hall. 1995; 179-91 

18 Boone CW, Kelloff GJ. Intraepithehal neoplasia, sunogate 
endpoint biomarkers and cancer chemoprevention. J Cell 
Biochem Suppl 1993; 17F:37-48 

19 Vogelstein B, Kinzler KW. The multistep nature of cancer. 
Trends Genet 1993; 9:138-41 

20 Woolner LB, Fontana RS, Cortese DA, et al. Roentgeno- 
graphically occult lung cancer: pathologic findings and fre- 
quency of multicentricity during a 10-year period. Mayo Chn . 
Proc 1984; 59:453-66 

21 Cortese DA, Pairolero PC, Bergsralh EJ, et al. Roentgeno- 
graphically occult lung cancer: a 10 year experience. J Thorac 
Cardiovasc Surg 1983; 86:373-80 

22 Bechtel JJ, Kelly WR, Petty TL, et al. Outcome of 51 patients 
with roentgenographically occult lung cancer detected by 
sputum cytologic testijig: a communit)' hospital program. 
Arch Intern Med 1994; 154:975-80 

23 Holiday DB, McLarty JW, Farley ML, et al. Sputum cytology 
within and across laboratories: a reliability study. Acta Cytol 
1995; 39:195-206 

24 Archer PG, Koprowska I, McDonald JR, et al. A study of 
variability in the inteipretation of sputum cytology slides. 
Cancer Res 1966; 26:2122-44 

25 Lam S, MacAulay C, Palcic B. Detection and localization of 
early lung cancer by imaging techniques. Chest 1993; 103: 
12S-14S 

26 Gamer D, Ferguson G, Palcic B. The Cyto-Savant System. 
In: Grohs HK, Husain OAN, eds. Automated cervical cancer 
screening. Hong Kong: Igaku-Shoin Medical Publishers, 
1994; 305-17 

27 ThiberviUe L, Payne P, Vielkinds J, et al. Evidence of 
cumulative gene losses with progression of premalignant 
epithehal lesions to carcinoma of the bronchus. Cancer Res 
1995; 55:5133-39 

28 Hung J, Kashimoto Y, Sugio K, et al. Allele-specific chromo- 
some 3p deletions occur at an early stage in tlie pathogenesis 



of lung carcinoma. JAMA 1995; 273:558-63 

29 Sundaresan V. Ganly P, Haselton P. et al i>53 and chromo- 
some 3 abnonnalities, characteristic of malignant lung tu- 
mors, are detectable in preinvasive lesions of the bronchus. 
Oncogene 1992; 7:1989-97 

30 Bolon 1, Brambilla E, Vandenbunder B, et al. Changes in the 
expression of matrix proteases and of the transcription factor 
c-Etsl during progression of precancerous bronchial lesions. 
Lab Invest 1996; 75:1-13 

31 Qu ], MacAulay C, Lam S, et al. Optical properties of 
normal and carcinoma bronchial tissue. Appl Optics 1991; 
11:99-105 

32 Qu J, MacAulay C, Lam S, et al. Laser induced fluorescence 
spectroscopy at endoscopy: tissue optics; Monte Carlo mod- 
ehng and in vivo measurements. Optical Eng 1995; 34: 
3334-43 

33 Kennedy TC, Proudfoot S, Franklin WA, et al. Cytopatho- 
logical analysis of sputum in patients uith airflow obstruction 
and significant smoking histories. Cancer Res 1996; 56: 
4673-78 

34 Tockman MS, Gupta PK, Meyers JD, et al. Sensitive and 
specific monoclonal antibody recognition of human lung 
cancer antigen on preserved sputum cells: a new approach to 
early lung cancer detection. J Clin Oncol 1988; 6:1685-93 

35 Tockman MS, Erozan YS, Gupta P, et al. The early detection 
of second primary lung cancers by sputum immunostaining. 
Chest 1994; 106:385S-90S 

36 Mao L, Hiaiban RH, Boyle JO, et al. Detection of oncogene 
mutations in sputum precedes diagnosis of lung cancer. 
Cancer Res 1994; 54:1634-37 

37 Early lung cancer detection: summary and conclusions. Am 
Rev Respir Dis 1984; 130:565-70 

38 Kato H, Okunaka T, Shimatani H. Photodynamic therapy for 
early stage bronchogenic carcinoma. J Clin Laser Med Surg 
1996; 14:235-38 

39 Cortese DA. Bronchoscopic photodynamic therapy of radio- 
logically occult lung cancer: the American experience. In: 
Hetzel MR, ed. Minimally invasive techniques in thoracic 
medicine and surgery. London: Chapman & Hall, 1995; 
173-78 

40 Greenwald P, Kelloff G, Burch-Whitman C, et al. Chemo- 
prevention. CA Cancer J Chn 1995; 45:31-49 



AMERICAN COLLEGE OF 



H E S T 



P H Y S I C 1 A N S 

Get the tool you 
need to excel in 
pulmonary . 
medicine. ..order 
your copy today! 



For information call: 

1-800-343-ACCP or 847-498-1400 • http://wv^.chestnet.org 




702 



Clinicat Investigations 



REFERENCE 2 



Interventional Pulmonology 

fespiolbn 



Respiration 2003;70:395-398 Received: November 22. 2002 

DOI: 10.1 159/000072903 Accepted after revision: April 8, 2003 



Autofluorescence Bronchoscopy - 
A Comparison of Two Systems 
(LIFE and D-Light) 

FJ.F, Herth^ A. Ernst H.D. Becker^ 

^Department of Interdisciplinary Endoscopy, Thoraxklinik Heidelberg, Heidelberg, Germany; 
'^Interventional Pulmonology, Beth Israel Deaconess Medical Center, Harvard Medical School, 
Boston, Mass., USA 



Key Words 

Autofluorescence bronchoscopy • Bronchoscopy • Lung 
cancer 



Abstract 

Bac/fground; Autofluorescense (AF) bronchoscopy is an 
established nnethod to detect dysplasia and carcinoma in 
situ (CIS). Several different systems are currently Avail- 
able. Objectives: This study aimed to directly compare 
the LIFE system (Xiilix Technologies, Vancouver, Cana- 
da) and the D-light system (Storz, Tuttlingen, Germany). 
Methods: In a prospective study performed between 
May 1999 and October 2000, we examined patients with 
risk factors for lung cancer that underwent bronchosco- 
py with both (LIFE and D-light) systems in a crossover 
design. The findings were classified into normal, abnor- 
mal and suspicious lesions by independent investigators 
and then compared. Resutts: This study comprised 332 
patients (220 males, 112 females, mean age 62.7 years, 
range 40-85); 1,117 biopsies were studied (mean biopsy 
rate 3.4/patient). In 817 biopsies, mucosal areas were 
classified as normal with respect to control biopsy speci- 
mens, 113 as abnormal and 187 as suspicious using AF 
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bronchoscopy. The histological examination showed nor- 
mal tissue in 850 cases, in 55 cases scarring or inflamma- 
tion, in 62 meta- or dysplasias, in 11 carcinomas In situ 
and in 127 invasive tumors. In only 5 cases, classifications 
were found to be different between the two systems (2 
normal, 2 dysplasias, 1 invasive tumor). The mean time 
for the LIFE system examination amounted to 11.7 min 
(range 6.2-19.5) and for the D-light system to 7.4 min 
(range 4.3-11.9). This difference was statistically signifi- 
cant (p < 0.001). Conclusion: Both systems yielded com - 
parable results. The examination time was significantly 
shorter with the D-light system, which may be explained 
by the more comfortable handling and the direct switc h 
between white light and AF imaging. Different trials 
using either methodology could be compared directly. 

Copyright © 2003 S. Karger AG, Basel 



introduction 

Lung cancer is the leading cause of cancer-related 
deaths in the United States and Europe {1]. In the 1999, 
roughly 170,000 cases have been newly diagnosed in the 
United States alone. When patients presenting with 
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symptoms of the disease undergo a workup, usually they 
are found to have advanced disease and therefore limited 
treatment options. Five years after the initial diagnosis, 
only 15% of patients will be alive [1, 2]. These dismal 
numbers have lead to renewed interest in screening to 
detect lung cancer at earlier stages when a cure is still pos- 
sible [3]. The recently introduced low-dose screening with 
chest CT appears promising and is currently investigated 
in clinical trials [4]. As a complementary method, auto- 
fluorescence (AF) bronchoscopy has been introduced into 
clinical practice to detect early cancerous lesions within 
the airways. 'Fluorescence' is a physical phenomenon, a 
form of luminescence or 'cold' light emission. It occurs 
when an object on which light of a certain wavelength is 
directed remits light of a longer wavelength. Its effect on 
body tissue has been recognized since the early 1900s 
('Wood's light') [5]. In 1943, Herley [6] described fluores- 
cence tissue reaction to ultraviolet light, noting even then 
that a tumor behaved differently than healthy tissue. 

Previously, von Holstein et al. [7] and Lam et al. [8] 
have discovered that tumorous tissue could be distin- 
guished from normal mucosa by a noticeable reduction in 
AF, the key step to the introduction of LIFE (lung imaging 
fluorescent endoscopy) bronchoscopy. When monochro- 
mal light of 442 nm is directed at mucosa, subepithelial 
fluorophores are stimulated to emit light of a longer wave- 
length. Reduced fluorescence is due to epithelial thicken- 
ing, tumor hyperemia (hemoglobin absorbs virtually all 
the green light), and redox changes in the tumor matrix 
and reduced fluorophore concentration. 

In 1998, Lam et al. [9] published the results of an ini- 
tial trial performed with the LIFE system in 173 patients 
with suspected lung cancer in whom white light bronchos- 
copy was followed by AF . From a total of 700 biopsies, 
142 were moderate-to-severe dysplasia, carcinoma in situ 
(CIS) or invasive cancer. Whereas 35 lesions were recog- 
nized by white light bronchoscopy, 9 1 were correctly iden- 
tified using LIFE, corresponding to a relative sensitivity 
of2.7. 

In the recent past, newer AF systems have been intro - 
duced which are cheaper and more convenient in their 
handling, but their efficacy has not been compared to the 
established standard of LIFE bronchoscopy. Additional- 
ly, it is important to establish a comparison of different 
technologies in order to assess the ability to directly com- 
pare outcomes and findings in studies using different 
technologies. We report our experience with the two dif- 
ferent AF systems. 



Table 1 . Indications for AF bronchoscopy 



Strong smoker (> 20 pack years) and 

Written informed consent and 

Postoperative care (treated bronchial carcinoma) or 

Radiological suspicion of carcinoma or 
Positive sputum cytology 



Patients and Methods 

From May 1999 to October 2000, patients with risk factors for 
lung cancer were studied using the LIFE system (Xillix Technologies, 
Vancouver, Canada) and the D-light system (Storz, Tuttlingen, Ger- 
many) in a crossover design in the context of a prospective random- 
ized study (table 1). Previous evaluation with fluorescence bronchos- 
copy was an exclusion criterion. 

Changes that were considered abnormal during white light exam- 
ination included areas presenting an increase in redness and a thick- 
ening or irregularity of the mucosa. The endoscopic assessment was 
performed according to Lam et al. [9]. During AF examination with 
both systems, abnormal areas corresponding to heterogeneous as- 
pects of or homogenous defects in the mucosa were noted. Homoge- 
nous defects corresponded to areas characterized by a color that dif- 
fered from the green appearance of the normal mucosa (i.e. black or 
red), whereas heterogeneous aspects corresponded to areas with pat- 
chy defects in the green normal appearance. At the end of the white 
light and AF examinations, biopsy specimens of all abnormal areas 
were obtained, as well as random biopsy specimens in areas that 
appeared normal during both white light and AF examination (con- 
trol biopsy specimens). 

All biopsy specimens were fixed in formalin and embedded in 
paraffm. They were classified by a single experienced lung patholo- 
gist who was unaware of the findings of bronchoscopy into the follow- 
ing categories: normal; reserve cell hyperplasia; metaplasia; dysplasia 
of mild, moderate, or severe grade; CIS, and invasive carcinoma. 
Additional histological changes including inflammation or scarring 
were by convention considered as *other abnormalities*. Biopsies 
were not re-examined for study purposes. 

The duration of the endoscopic examinations was noted. The 
operator could also control, under white light examination, areas that 
were considered abnormal during fluorescence examination. This 
control examination was only performed at the end of the fluores- 
cence examination with the LIFE system because it required chang- 
ing both the light source and the camera. With the D-light, the switch 
in the camera allowed immediate and repeated changes, and the 
number of control procedures was recorded. These controls were 
considered part of the AF examination. 

LIFE System 

Life employs a helium-cadmium laser light source, with two 
image intensifier CCD cameras and a color video monitor for imag- 
ing. The system is somewhat bulky and, due to the two cameras, it 
does not allow direct and immediate comparison of white light and 
AF imaging [10]. 
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Table 2. Description of the patient cohort 
and indications for AF examination 



Female 
Male 

Mean age, years 
Postoperative follow-up 
Suspicious chest X-ray 
Positive sputum cytology 



112 
220 

62.7 
123 
187 

32 



Table 3. Differences between LIFE and D-light findings in 5 cases 



Histology 



LIFE 



D-light 



Case I 
Case 2 
Case 3 
Case 4 
Case 5 



normal 

normal 

dysplasia 

dysplasia 

CIS 



normal 

abnormal 

normal 

suspicious 

normal 



abnormal 

normal 

suspicious 

abnormal 

suspicious 



Gold standard is the histologically associated finding obtained by 
endobronchial biopsy. 



Results 

The indications of the 332 patients (220 males, 112 
females, mean age 62.7 years, range 40-85 years) included 
in the study are shown in table 2. Of 1 , 1 1 7 biopsies (mean 
3.4/patient), 817 were obtained at endoscopic normal, 
113 abnormal and 187 at suspicious sites. Histologically, 
850 were classified as normal, scarring or inflammation 
was noted in 55, meta- or mild dysplasia in 62, severe dys- 
plasia in 12, ClS/microinvasive carcinoma in 11 and 
invasive tumors in 127 specimens. 

Differences in AF bronchoscopy were observed in 5 
biopsies only (p = 0.3; table 3). Histologically, 2 were clas- 
sified as normal (one each), 2 demonstrated severe dyspla- 
sia (detected by LIFE/missed by D-light) and 1 CIS (de- 
tected by D-light/missed by LIFE; fig. 1, 2). The rate of 
false-positive results obtained was 8% (37/187; fig. 1, 2). 

The mean time (total for white light and AF) required 
for the examination with LIFE was 1 1.7 min (range 6.2- 
19.5 min ) and with the D-light system 7.4 min (range 
4,3-1 1.9 min). The difference was statistically significant 
(p < 0.001). No complications occurred. 



D-Light System 

I he U-Ught system uses a 300-watt xenon lamp, which is optim- 
ized for blue light transmission. In the AF mode, wavelengths from 
380 to 460 nm are used for excitation. For detection, a filter inte- 
grated in the eyepiece of the bronchoscope blocks most of the excita - 
tion light. Light intensity and quality of image enable investigation 
under direct AF guidance . A single small camera enables the white 
light and fluorescence images, which can be directly observed under 
dimmed daylight [11]. 

Statistical A nalysis 

Randomization was performed using a computer protocol. Re- 
sults are expressed as means and standard deviations. Wilcoxon*s 
test was used to compare the two systems, and the criterion for statis- 
tical significance was p < 0.05. 

Bronchoscopy 

After informed consent was obtained, patients underwent stan- 
dard bronchoscopy with flexible instruments (Olympus, Tokyo, Ja- 
pan), followed by the respective AF endoscopy. Patients received 
topical anesthesia (1% lidocaine) and conscious sedation (fentanyl 
and midazolam) and in some cases general anesthesia if rigid exami- 
nations were preferred. Care was taken to inspect the mucosa without 
any suction trauma, and all biopsies were deferred to the end of the 
examination. 



Discussion 

Several studies have reported that the addition of AF 
bronchoscopy to conventional WBL increases the detec- 
tion rate of preneoplastic lesions and early lung cancers 
[9-12]. 

The primary aim of the current study was not to com- 
pare the sensitivity, specificity, and positive and negative 
predictive values of white light bronchoscopy with or 
without the addition of either the D-Iight system or LIFE 
AF, because this comparison would have required a much 
higher number of patients and lesions. The aim of this 
study was a direct comparison of the LIFE and D-light 
systems used to induce and observe endobronchial AF. 

Both systems missed only one notable lesion (1 dyspla- 
sia missed by the D-light system and 1 CIS missed by 
LIFE), respectively. An important limitation of fluores- 
cence bronchoscopy is the high rate of false-positive 
resuhs: in a recent, large multicenter study, the positive 
predictive value of fluorescence bronchoscopy in the de- 
tection of lesions corresponding to moderate dysplasia or 
worse amounted only to 33% [9, 11]. This is probably 
explained, at least in part, by the fact that fluorescence 
examination provides qualitative and, therefore, subjec- 
tive results. In the current study, AF examination was 
associated with the detection of a large number of abnor- 
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Fig. 1 . Dysplasia (moderate): correct detection with the LIFE system 
but missed with the D-light system. 



Fig, 2. CIS: correct detection with the D-light system but missed 
with the LIFE system. 



mal areas that, in fact, corresponded to low-grade intra- 
epithelial lesions, for example, but the false-positive rate 
was similar between systems. 

The D-light system allowed for consistently shorter 
examination times. This is related to its easier handling 
and the ability to switch between white light and blue light 



with a button, rather than having to change light sources. 
In combination with a significantly cheaper price, the D- 
light system might thus be more attractive for many 
endoscopy units. In conclusion, the findings of this study 
indicate that the results of trials employing either technol- 
ogy can be directly compared. 
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Summary Autofluorescence bronchoscopy is an important tool for the early de- 
tection of preinvasive bronchial lesions. However, autoftuorescence bronchoscopy 
has difficulty distinguishing between preinvasive lesions and other benign epithe- 
lial changes. A new autofluorescence imaging bronchovideoscope system (API) com- 
prises three signals, including an autofluorescence (460— 690 nm) on excitation blue 
light (395— 445 nm) and two different bands of reflected light: G' (550 nm) and R' 
(610 nm). We hypothesized that color analyses of these three wave lengths would 
improve our ability to differentiate between inflammation and preinvasive lesions. 
In order to prove this hypothesis and to evaluate the efficacy of API for detecting 
preinvasive lesions, we conducted a prospective study. A total of 32 patients with 
suspected or known lung cancer were entered into this study. Conventional white 
light bronchovideoscopy (WLB) and ligh t induced fluorescence endoscopy (LIPE) were 
performed prior to using API. WLB and LIFE detected 62 lesions, including lung can- 
cers {n = 2), squamous dysplasias (n = 30), and bronchitis (n = 30). By utilizing API, 24 
dysplasias and 2 cancer lesions were magenta in color, while 25 bronchitis lesions 
were blue. The sensitivities of detecting dysplasia by LIPE and API were 96.7% and 
80%, respectively. The specificity of API (83.3%) was significantly higher than that 
of LIPE (36.6%) (p = 0.0005). We conclude that API appears to represent a significant 
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advance in distinguishing preinvasive and malignant lesions from bronchitis or hy- 
perplasia under circumstances where LIFE would identify these all as abnormal 
l^eslons. 

© 2004 Elsevier Ireland Ltd. All rights reserved. 



1. Introduction 

Lung cancer is one of the nnost common causes of 
cancer-related deaths. Detection of tumors at an 
early stage followed by complete surgical resec- 
tion of tumors is the only curative treatment ap- 
proach currently available for the large majority 
of lung cancer patients. Laser-induced fluorescence 
endoscopy (LIFE) lung-system (Xillix Technologies 
Corp.; Richmond, BC, Canada) is a new modal- 
ity that has facilitated early detection of preinva- 
sive bronchial lesions [1-5]. However, LIFE has dlf- 
ficuLty distinguishing between preinvasive lesions 
and other benign epithelial changes such as bron- 
chitis, which frequently Is present In patients whose 
sputum cytology is suspicious of malignancy or pos- 
itive for malignancy [3,6]. Bronchoscopic findings 
have been divided into three classes: class I (nor- 
mal), class II (inflammation and mild dysplasia), 
and class III (changes suggesting moderate or se- 
vere dysplasia, carcinoma in situ and/or Invasive 
cancer) [5,7]. At present, It remains difficult to 
predict pathological diagnosis from the observed 
grade of autofluorescence, as studies have found 
that some lesions identified as class III turned out to 
be inflammatory lesions on biopsy [7,8]. The speci- 
ficity of fluorescence bronchoscopy is reported to 
be rather low with up to one-third of the areas of 
abnormal fluorescence representing false positives 
[1,9]. Kennedy et al. note that this low specificity 
leads to unnecessary biopsies, resulting in greate r 



economic cost and longer examination time [10] . 
Therefore, the ability to distinguish preinvasive le- 
sions from bronchitis would be of great value to 
endoscopic technology . Recently, a new auto fluo- 
rescence imaging bronchovideoscope (AH) systern 
(Qlympiis Optical Corporation, ToKyo, japaox-com- 
binlng autofluorescence with two reflected light 
signals has been developed In an attempt to im- 
prove the diagnostic precision of fluorescence bron - 
choscopy. We have therefore conducted a prospec- 
tive clinical study in order to evaluate whether, 
compared with LIFE, AFI can more precisely dis- 
tinguish between preinvasive bronchial lesions and 
bronchitis. 



2. Methods 



2.1. Autofluorescence imaging videoscope 
system 

AFI is a video-endoscopic system that displays a 
composite image Integrating three signals— an aut- 
ofluorescence signal plus reflected green (G') and 
red (R') light signals. The Storz D-Ught system has 
already combined autofluorescence and reflected 
light [11], but AFI has further developed this ap- 
proach. Fig. 1 shows spectra of the three AFI signals 
and the absorption coefficient of Hb02 (solid line). 
The excitation light (395—445 nm) produces an aut- 
ofluorescence signal (490—700 nm). Green (G')-light 
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Fig. 1 Absorption coefficient of Hb02 and spectrums of the illumination by AFI. The solid line is an absorption co- 
efficient of Hb02. The excitation light (395-445 nm), green (G) light (550nm) and red (R') light (610nm) are ir- 
radiated based on the RGB sequential videoscope system. The excitation light produces an autofluorescence signal 
(490— 700 nm), while the G' and R' illumination lights generate G' and R' reflected signals, respectively. 
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Fig. 2 Illustration of AFI system. The autofluorescence 
signal (490-700 nm) and the G' and R' reflected signals 
are integrated by the video processor. The composite im- 
age displayed on the monitor is constructed from display- 
ing the autofluorescence as green, G'- reflected light as 
red, and R'- reflected light as blue. 



(550 nm) and red (R')-light (610 nm) generate G' and 
R' reflected signals, respectively. These three sig- 
nals are irradiated based on the RGB sequential 
videoscope system, as illustrated in Fig. 2. These 
three signals are integrated by the video processor 
and a composite image is displayed on the moni- 
tor. The composite image is constructed by display - 
i ng the autofluorescence image as green, the G^ - 
reflected light image as red and the R^-reflected 
light image as blue. Since hemoglobin absorbs 
a large volume of G'-light wavelength (550 nm) 
and little of the R'-light wavelength (610 nm), ar- 
eas containing high levels of hemoglobin have de- 
creased levels of autofluorescence (green) and/or 
G'-reflected light (red) but not R'-reflected light 
(blue). We previously reported that the detection 
of areas of increased vessel growth and complex 
networks of tortuous vessels in the bronchial mu- 
cosa may enable discrimination between bronchi- 
tis and dysplasia [12]. Therefore, we hypothesized 
that by comparison with ratios of above three- 
wave lengths which absorptions are influenced by 
hemoglobin concentration can be distinguished be- 
tween bronchitis and dysplasia at the abnormal mu- 
cosa. AFI displays a light green image for normal ep- 
ithelium and blue or magenta for an abnormal fluo- 
rescence, depending on the condition of abnormal 
epithelium. 



2.2. Study population and bronchoscopic 
procedure 

The Ethics Committees of the Graduate School of 
Medicine, Chiba University, approved all protocols 
and procedures. From October 2001 to May 2003, 
32 patients comprising 25 patients with suspicious 
or malignant sputum cytology and 7 patients with 
known lung cancer were entered into this study. 
All participants provided written informed consent 
prior to the examination. Under local anesthesia, 
patients had their bronchial lesions evaluated in se- 
quence by the following instruments: conventional 
white light bronchovideoscopy (WLB) using BF-240 
(Olympus Optical Corporation, Tokyo, Japan), LIFE, 
and finally AFI. Biopsy specimens were obtained, 
fixed in 10% buffered formalin, and stained with 
hematoxylin and eosin. Two endoscopic specialists 
(MC and KS) evaluated all bronchoscopic findings. 
Two expert pulmonary pathologists at our hospital 
(KH and HO) determined and agreed on the final 
pathological diagnoses without having any informa- 
tion regarding the bronchoscopic findings. The rela-. 
tionship between bronchoscopic findings and patho- 
logical diagnoses was evaluated. A magenta image 
was classified as positive for malignant or preinva- 
sive lesions, while a blue image was considered to 
represent inflammatory changes or bleeding. The 
pathological diagnoses were determined accord- 
ing to the third edition of "Histological typing of 
lung and pleural tumours'* published by the World 
Health Organization International Histological Clas- 
sification of Tumours in 1999 [13]. 

2.3. Color tone analysis 

AFI images were stored in a BMP-image file format. 
The image color was resolved into the three pri- 
mary colors of red, green, and blue. The data were 
subjected to a digamma operation to remove the 
gamma imposed on the signal at transmission. We 
created intensity histograms of the red, green, and 
blue components at the abnormal site and calcu- 
lated the average intensity of each color for every 
30 pixels using Adobe Photoshop 5.0 (Adobe Systems 
Incorporated, CA, USA). We used the intensity of 
the blue signal as the denominator and calculated 
the proportion of red intensity to blue intensity 
(red/blue) and the proportion of green intensity to 
blue intensity (green/blue) [8]. 

2.4. Statistical analysis 

Data were analyzed using Stat View Version 5.0 (Sta- 
tistical Analysis Systems; Cary, NC, USA). The Chi 
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square test was used to compare the diagnostic sen- 
sitivity and specificity, while Student's t-test was 
used to compare the continuous values. 



3. Results 

3.1. Representative case of bronchoscopic 
findings 

Fig. 3A, B, and C show typical bronchoscopic find- 
ings of WLB, LIFE, and AFI for squamous cell carci- 
noma, squamous dysplasia, and bronchitis, respec- 
tively. Arrows indicate abnormal areas of bronchial 
epithelium. Fig. 3A shows a case of squamous cell 
carcinoma. Irregular mucosa and protruding nod- 
ules are identified at the bifurcation of the right 
middle and lower lobe bronchi by WLB, LIFE, and 
AFI. The AFI image clearly is magenta at the ab- 
normal area. Fig. 3B shows a case of squamous 
dysplasia at the bifurcation of the left B3a and 
B3bc. Although WLB demonstrated normal bifur- 
cation, LIFE demonstrated abnormal autofluores- 
cence, and the AFI image was magenta. Fig. 3C 
shows a case of bronchitis affecting the bifurca- 
tion of the right B4 and 5. LIFE demonstrated ab- 
normal autofluorescence and the AFI image was 
blue. 

3.2. Patient characteristics and diagnostic 
results 

Study patients (30 males and 2 females) ranged in 
age from 35 to 78 years (mean 66.6 ± 9.8 years). 
Smoking history ranged from 0 to 153 pack-years 
(mean 50.9 d= 29). Only one study patient was a non- 
smoker and that this non-smoker was a female. 

Sixty-two abnormal sites were recorded using 
WLB, LIFE, and AFI from which pathological di- 



:c) 




Fig. 3 Images of WLB, LIFE, and AFI in patients with 
squamous cell carcinoma (A), squamous dysplasia (B), and 
bronchitis (C). AFI depicted squamous cell carcinoma and 
squamous dysplasia as magenta while depicting bronchi- 
tis as blue. Arrows indicate abnormal mucosal changes. 



agnoses were obtained. The relationship between 
each bronchoscopic finding and the pathological 
diagnosis is shown in Table 1. Two squamous cell 
carcinomas (an early cancer and an invasive can- 
cer) were recognized as abnormal by all three 
types of bronchoscopic examination. While WLB 
detected only 16 dysplastic lesions comprising 1 
severe dysplasia, 13 moderate dysplasias, and 2 
mild dysplasias, LIFE detected 29 dysplastic le- 
sions comprising 2 severe dysplasias, 22 mod- 
erate dysplasias and 5 mild dysplasias. AFI re- 
vealed 24 dysplastic lesions comprising 2 severe 
dysplasias, 18 moderate dysplasias and 4 mild 
dysplasias. 



Table 1 Relationships between the bronchoscopic findings of the three bronchoscopic technologies and the patho- 
logical diagnoses of the biopsy specimens 





WLB 




LIFE 




AFI 




+ 




+ 




+ 




Bronchitis (30) 


15 


15 


19 


11 


5 


25 


Mild dysplasia (6) 


2 


4 


5 


1 


4 


2 


Moderate dysplasia (22) 


13 


9 


22 


0 


18 


4 


Severe dysplasia (2) 


1 


1 


2 


0 


2 


0 


Squamous cell carcinoma (2) 


2 


0 


2 


0 


2 


0 



WLB: white light bronchoscope; LIFE: laser- induced fluorescence endoscopy lung system; AFI: autofluorescence imaging bron 
chovideoscope system. 
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Table 2 Diagnostic sensitivity and specificity of AFI 
and LIFE 





LIFE 


AFI 


p-Value 


Sensitivity 
Specificity 


96.75^ (29/30) 
36.6% (11/30) 


80% (24/30) 
83.3% (25/30) 


0.1028 
0,0005 



LIFE: laser- induced fluorescence endoscopy lung system; AFI: 
autofluorescence imaging bronchovideoscope system. 



Since the two squamous cell carcinomas were 
detected by all three modalities, these samples 
were excluded from the analysis of diagnostic ac- 
curacy. The sensitivities of LIFE and AFI for de- 
tecting squamous dysplasia were 96.7% (29/30) and 
80% (24/30), respectively (p = 0.1028) (Table 2). On 
the other hand, the specificity of AFI (83.3% 25/30) 
was significantly better than the specificity of LIFE 
(36.6, 11/30) (p = 0.0005). 

3.3. Color tone analysis 

We analyzed the color components of 60 lesions 
(excluding 2 cancer lesions) to evaluate the ca- 
pability of AFI to distinguish dysplasia from bron- 
chitis. Fig. 4A and B show representative pictures 
of abnormal findings identified by AFI. We calcu- 
lated the three-color intensities of mucosa (Fig. 4 
and Table 3) and compared them with the histol- 
ogy. The open squares of the dotted line show the 
abnormal areas. The three-color histograms show 
the distributions of red, blue, and green signal in- 
tensities. Fig. 4A shows a case of moderate dys- 
plasia. The mean intensities of the red, green, 
and blue signals were 42. 19 ±12.19, 30.5 ±2.56, 
and 21.31 ±3.98 pixels, respectively. The red/blue, 
green/blue and red/green proportions of the 
mean intensities were 1.98 (42.19/21.31), 1.43 
(30.5/21.31), and 1.38 (42.19/30.5), respectively 
(Table 3). Fig. 4B shows a case of bronchi- 
tis. The mean intensities of the red, green, 
and blue signals were 28.6 ±3.53, 38,5 ±1.7, 
and 24. 7 ± 1.0 pixels, respectively. The red/blue, 
green/blue, and red/green proportions of the 
mean intensities were 1.16 (28.6/24.7), 1.56 




Fig. 4 Typical bronchoscopic findings of moderate dys- 
plasia (A) and bronchitis (B) and their histograms us- 
ing AFI. The X-axis indicates the intensity of each color 
(0—255 bits) and the y-axis indicates the ratio of pixels 
(total 30 pixels) for each color pair (I.e. red, blue, and 
green). 



(38.5/24.7), and 0.74 (28.6/38.5), respectively 
(Table 3). Comparison of the color tone ratio 
between squamous dysplasia and bronchitis indi- 
cated that red/blue and red/green ratios in squa- 
mous dysplasia were higher than those in bronchi- 
tis, while the green/blue ratios were equivalent. 
Fig. 5 shows the relationship between patholog- 
ical diagnoses and color tone analyses. We plot- 
ted the proportions of red/blue and green/blue 
signal-intensities for the /-axis and X-axis, respec- 
tively. Sixty biopsy samples were characterized as 
bronchitis (n = 30) or squamous dysplasia (n = 30). 
The average red/blue value for the 30 preinvasive 
lesions was 1.786 ±0.371, which was significantly 
higher than the average red/blue value for bron- 
chitis (1 .243 ± 0.087, p < 0.0001 ). To determine the 
cut-off point of red/blue that had the best diagnos- 



Table 3 Representative three-color intensities and color ratios of red/blue and green/blue 



Red (G' reflected) Green (autofluorescence) Blue (R' reflected) Red/blue Green/blue 



Bronchitis 


28.6 


± 


3.53 


38.5 


± 


1.7 


24.7 


± 


1.0 


1.16 


1.56 


Bleeding 


2.80 


± 


1.96 


4.91 


± 


1.91 


14.20 


± 


1.57 


0.34 


0.19 


Moderate dysplasia 


42.19 


± 


12.19 


30.5 


± 


2.56 


21.31 


± 


3.98 


1.98 


1.43 


Severe dysplasia 


16.73 


± 


3.65 


12.13 


± 


1.26 


7.17 




1.31 


2.33 


1.69 


Cancer 


33.38 


± 


7.65 


5.69 


± 


0.59 


17.96 


± 


2.16 


1.85 


0.31 
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Fig. 5 Color tone analysis of AFI image. The color reso- 
lution correlated well with pathology and facilitated the 
distinction between squamous dysplasia and bronchitis. 

tic specificity and accuracy, we established cut-off 
points at 0.05 intervals and calculated the sensitiv- 
ity, specificity, and accuracy of each cut-off point. 
From this analysis, we determined that a red/blue 
cut-off point of 1 .45 had the highest accuracy for di- 
agnosing preinvasive lesions, with a sensitivity and 
specificity of 71.9% and 88.3%, respectively, yield- 
ing an accuracy of 77.4%. 



4. Discussion 

It has been reported that autofluorescence bron- 
choscopy is more useful for detecting preinvasive 
lesions than white light bronchoscopy [1]. The re- 
sults of multi-center clinical trials and our own 
experience suggest that autofluorescence bron- 
choscopy increases the diagnostic accuracy for 
squamous dysplasia, CIS, and early hilar lung carci- 
noma when used simultaneously with conventional 
bronchoscopy [2,3,5,6,9,14,15]. Although several 
types of autofluorescence systems, such as the LIFE- 
Lung system, the SAFE-1000 (Asahi Optical Corp., 
Tokyo, Japan) [16], and the D-light system [11] 
have been developed, these systems have a low 
specificity for diagnosing preinvasive lesions [9, 1 7]. 
Individuals at high risk for lung cancer also fre- 
quently suffer from bronchitis and hyperplasia due 
to cigarette smoking [5,6,7,18], In a previous study 
of the usefulness of LIFE for detecting preinvasive 
lesions, we found that out of the 162 sites that 
LIFE identified as abnormal, the pathological di- 
agnosis in 84 cases turned out to be hyperplasia, 
bronchitis or normal epithelium. This outcome sug- 
gests that specific visual diagnosis of preinvasive 
lesions by LIFE is still problematic [3] . LIFE images 
all areas of epithelial thickness and hypervascu- 
larity as mild red with suppressed green fluores- 



cence [4]. To improve specificity, color differenti - 
ation between preinvasive lesions and bronchitis is 
necessary. 

In the present study, we hypothesized that color 
tone analyses of three-wave lengths would improve 
our ability to distinguish between inflammation 
and preinvasive lesions. The AFI system incorpo- 
rates autofluorescence (green), G' reflected light 
(red) and R' reflected light (blue). A loss of green 
autofluorescence is caused by increased thickness 
of the epithelial layer and the accumulation of 
certain substances in the tissue. Areas containing 
high concentrations of hemoglobin exhibit a de- 
crease not only in green autofluorescence but also 
a decrease in G' reflected light (red). R' reflected 
light (blue) is less influenced by mucosal thickness 
and/or hemoglobin concentration. Squamous dys- 
plasia is characterized by the presence of atypi- 
cal cells and an increase in subepithelial microves- 
sel density [19,20]. Since AFI preferentially images 
the condition of the bronchial epithelium rather 
than the condition of the submucosa, the decrease 
in intensity of green, which is influenced by both 
epithelial thickness and hemoglobin, is more pro- 
nounced than the decrease in the intensity of red, 
which is influenced by only hemoglobin. As a re- 
sult, dysplasia produced a magenta color, a com- 
bination of red and blue, in the AFI image. Bron- 
chitis is characterized by lymphocytic infiltration 
of the bronchial wall and associated blood vessel 
congestion [20]. Therefore, G' reflected light (red) 
is more decreased than autofluorescence (green), 
and as a result, bronchitis produces a blue to 
green-blue color in the AFI image. Autofluores- 
cence is the product of various factors, includ- 
ing thickness of epithelial layers, hemoglobin ab- 
sorption, and the tissue concentrations of sub- 
stances such as flavins, collagen, and nicotinamide 
adenine dinucleotide (NADH) [21]. Therefore, the 
green tone (autofluorescence) is variable. Since 
the blue tone (R' reflected light) is more constant 
than both the green tone (autofluorescence) and 
the red tone (G' reflected light), the green/blue 
(autofluorescence/ R' reflected light) ratio had a 
wide range for both bronchitis and squamous 
dysplasia. 

Regarding the red/blue ratio, we were able 
to verify that the red/blue ratio for dysplasia 
was significantly higher than the red/blue ra- 
tio for bronchitis. When the cut-off point of the 
red/blue ratio was set at 1.45, 71.9% sensitiv- 
ity, 88.3% specificity, and 77.4% accuracy were ob- 
tained. The results of the present study suggest 
that AFI may have the capability of objectively 
distinguishing between squamous dysplasia and 
bronchitis. 
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5. Conclusion 

API could accurately and objectively distinguish 
preinvasive and malignant lesions from bronchitis 
through color tone analysis. 
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Endoscopic video autofluorescence imaging may improve the 
detection of early neoplasia in patients with Barrett's esophagus (^) 

Mohammed A. Kara, MD, Femke P. Peters, MD, Fiebo J.W. ten Kate, MD, PhD, Sander J. van Deventer, MD, 
PhD, Paul Fockens, MD, PhD, Jacques J. G. H. M. Bergman, MD, PhD 

Amsterdam, the Netherlands 



Background: The aim of this study was to investigate the feasibility of detecting high-grade dysplasia (HGD) 
and early cancer (EC) in Barrett's esophagus (BE) with a prototype video autofluorescence endoscope. 

Methods: Sixty patients with BE were evaluated with a prototype, high-resolution videoendoscope that has 
separate charge-coupled devices for white light endoscopy (WLE) and autofluorescence imaging (AFT). 
Nondys plastic BE appears green on AFI, whereas potentially neoplastic areas appear blueMolet. The BE was first 
screened with WLE for visible abnormalities and then was examined by AFI to detect additional lesions. Lesions 
that raised a suspicion of neoplasia and control areas that were normal on AFI were sampled for histopathologic 
assessment. Finally, random 4-quadrant biopsy specimens were obtained at 2-cm intervals. 

Results: A diagnosis of HGD/EC was made in 22 patients; one patient had no visible abnormality, and 21 had . 
endoscopicaliy detectable areas with HGD/EC. In 6 of the latter 21 patients, the HGD/EC was detected with AFI 
alone; in another patient, HGD/EC was detected with AFI and random biopsies. In 14 patients, HGD/EC was 
detected with both WLE and AFI; in 3 of these 14 patients, additional lesions containing HGD/EC were detected 
by AFI alone. 

Conclusions: The results of this study suggest that video AFI may improve the detection of HGD/EC in patients 
with BE. (Gastrointest Endosc 2005;61:679-85.) 



Barrett's esophagus (BE) is widely recognized as 
a premalignant condition.^ Many professional societies 
recommend regular endoscopic surveillance for all pa- 
tients with BE to detect neoplastic changes at an early, 
curable stage. ^ Treatment is recommended for patients 
with high-grade dysplasia (HGD) or early cancer (EC) in 
BE; These lesions, however, are difficult to detect at 
standard endoscopy and often are small. ^ The current 
surveillance strategy is to take biopsy specimens from all 
endoscopicaliy visible mucosal abnormalities, together 
with 4-quadrant biopsy specimens every 1 to 2 cm 
beginning at the proximal end of the gastric folds and 
then proximally to the squamocolumnar junction."^ This 
biopsy protocol is labor intensive and is subject to 
sampling error, because only a small fraction of the 
Barrett's segment is sampled. 

When tissues are exposed to light of short wavelengths 
(usually ultraviolet or blue light), some endogenous 

See CME section; p. 729. 
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biologic substances (i.e., fluorophores) emit fluorescence 
light with a longer wavelength, i.e., autofluorescence 
(AF).'* Point spectroscopy techniques with small probes 
inserted through the accessory channel of the endoscope 
have been used to demonstrate that non-neoplastic and 
neoplastic tissues in BE have different AF characteristics,^'^ 
This led to the development of light-induced fluorescence 
endoscopy (LIFE), a technique in which the mucosa is 
excited with blue light and a real-time AF endoscopic 
image is produced, based on the ratio of red to green AF. 
Uncontrolled studies with LIFE prototypes suggest that 
LIFE may improve the detection of early neoplasia in 
BE.'^'^ In a randomized cross-over study, however, no 
increase in the rate of detection of HGD or EC was found 
in BE when using LIFE (see Kara et al^ in this issue). There 
are two possible explanations for these results. First, in the 
currendy available prototypes,^' the algorithm used "to 
construct the AF image may not be optimal for BE; it only 
accounts for the ratio of red to green AF and does not 
incorporate information from reflected light. Second, the 
LIFE systems studied included fiberoptic endoscopes/ '^" 
which provide a poor white-light image compared with 
currently available, high-quality videoendoscopes. 
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A newly developed prototype video AF endoscopy 
system may address the most important limitations of 
earlier prototypes. In this system, a high-resolution 
videoendoscope is used to produce high-quality white- 
light images. Moreover, a different algorithm is used to 
construct an AF image. The aim of the present study was 
to investigate the feasibility of detecting HGD and EC in 
patients with BE when using this new prototype. 

PATIENTS AND METHODS 
Patients 

Patients were included if they were known to have BE 
and were scheduled for EGD for one of the following 
indications: (1) regular surveillance, (2) evaluation of 
newly diagnosed HGD/EC, or (3) follow-up after endo- 
scopic treatment of HGD/EC in BE. Patients with 
endoscopic evidence of erosive reflux esophagitis were 
excluded. The study protocol was approved by the 
medical ethics committee of our institution, and informed 
consent for participation in the study was obtained from 
ail patients before the procedure. 



Imagmg system 

The prototype AF endoscopy system used in this study 
(Olympus Optical Co, Ltd, Tokyo, Japan) includes a high- 
resolution videoendoscope and an AF imaging (AFT) 
modality It has a xenon light source (XCLV-260HP; 
Olympus), with a rotary red/green/blue band-pass filter . 
With this light source, the mucosa is sequentially 
illuminated with red, green, and blue light at a frequency 
of 20 cycles per second. The high-resolution videoendo- 
scope in this system has two separate monochromatic 
charge-coupled devices (CCD); one for white-light endos- 
copy (WLE), and one for AFI. In the WLE mode, the 
reflected red, green, and blue light is detected by the 
standard CCD and is converted to an electronic signal that 
is passed to the videoprocessor, which is synchronized 
with the rotary filter. The processor electronically overlays 
the red, green, and blue signals to produce a high-quality 
white-light image. In the AFI mode, blue spectrum light 
(>.395^75 nm) Is delivered for excitation of AF, together with 
light in the green (X540-560 nm) and the red (X600-620 nm) 
spectra. The AFI-CCD has a barrier filter that allows 
detection of all light with a w avelength- between 490 and 
625 nm, thereby eliminating the blue excitation light . The 
sequentially detected images from AF, green reflectance, 
and red reflectance are integrated by the image processor 
into one AF image. The AF image, therefore, has 3 spec- 
tral components: (1) total AF in response to blue light 
excitarion, (2) green reflectance light, and (3) red re- 
flectance light. WLE and AFI can be alternated by means of 
a switch located conveniendy on the endoscope. During 
endoscopy in the AFI mode, normal squamous mucosa 
and non-dysplastic BE appears green, whereas that which 



Capsule Summary 

What is already known on this topic 

• Autofluorescence imaging (AFI) may detect dysplasia and 
neoplasia in Barrett's esophagus. 

• When AFI is used, nohdysplastic Barrett's esophagus 
appears green, whereas dysplastic or neoplastic lesions 
appear blue or violet. 

What this study adds to our knowledge 

• In a pilot study using video autofluorescence irnaging, AFI "[ 
detected more dysplastic and neoplastic changes 
Barrett's esophagus than did conventional endoscopy 
with biopsies: 

^ _ 

could potentially contain HGD/EC within the Barrett's 
segment has a bluish/purple AF color (Figs. 1 and 2). Small 
squamous islets within the Barrett's segment have 
a pinkish color. 



Endoscopic procedure 

Patients underwent upper endoscopy while under 
conscious sedation (intravenously administered midazo- 
lam, 5-10 mg). Per routine, the BE was first inspected with 
WLE. The length of the BE was measured as the distance 
from the proximal edge of the gastric folds to the 
squamocolumnar junction. The esophagus was further 
inspected for signs of reflux esophagitis and any visible 
mucosal abnormalities that raised a suspicion of HGD/EC. 
The location (distance from upper incisor teeth and 
endoscopic quadrant), as well as the macroscopic clas- 
sification^^ of each lesion were recorded. Subsequently, 
the same inspection procedure was repeated after switch- 
ing to the AFI mode. All areas within the BE with a blue/ 
purple AFI color were regarded as suspicious for HGD/EC. 

For every lesion, it was noted whether it was detected 
by WLE, AFI, or both. Still images were made of all lesions 
with both imaging modalities. Then, two to 4 biopsy 
specimens were obtained from each abnormality. In 
addition, control still images and corresponding biopsy 
specimens were obtained from areas that appeared green 
by AFI .-Finally, 4-quadrant biopsy specimens were ob- 
tained according to the so-called Seattle protocol. 
Biopsy specimens were taken beginning distally: first 
from lesions detected' by AFI, followed by WLE-visible 
lesions, and finally random 4-quadrant biopsy specimens. 
If blood oozing from earlier biopsy sites impaired 
visualization of other lesions, the mucosal surface was 
irrigated with water until the target lesions were visible. All 
procedures were performed by two endoscopists experi- 
enced in the endoscopic detection and treatment of 
Barrett's neoplasia (PF, J.B.). The endoscopists were 
aware of the clinical history of each patient, including the 
indication for endoscopy. 
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Figure 1- A, Retro verted white-light endoscopic view of Barrett's 
esophagus, showing focal lesion (arrow) with HGD. B, Corresponding 
retroverted AF image, showing focal lesion (arrow) with HGD. This 
lesion was first detected by AFI and only retrospectively seen with WLE (it 
was classified as "detected with AFI"). 

Histopathologic assessment 

All biopsy specimens were processed by using standard 
procedures and were systematically evaluated by an 
expert GI pathologist (F.t.K.) who was unaware to the 
results of the endoscopic imaging. A standardized form 
was used to assess each biopsy specimen for the presence, 
the grade, and the percentage of dysplasia; the presence 
and the degree of acute and chronic inflammation; and 
the presence of reactive epithelial changes. Dysplasia was 
classified into the following: no dysplasia, indefinite for 
dysplasia, low-grade dysplasia, HGD, and carcinoma, ac- 
cording to the microscopic classification of GI neoplasia. 
The degree of dysplasia was semiquantitatively scored as 
focal (<10%), moderate (10%-50%), or diffuse (>50%). 
Acute inflammation was diagnosed if polymorphonuclear 
leukocytes were present. Chronic inflammation was 
determined by the presence of lymphocytic and plasma- 
cellular infiltrates. Acute and chronic inflammation was 
semiquantitatively classified according to the density of 
the inflammatory infiltrate: less than 10 cells per high- 
power field was regarded as mild; dense dusters of cells 
were scored as severe. Reactive epithelial changes were 




Figure 2. A, White-light endoscopic view of the distal esophagus in a 
patient with Barrett's esophagus. B, Corresponding AF image, showing 
blue/purple color (right side), which raised a suspicion of HGD/EC, and 
greenish color (left side). Biopsy specimens from the blue/purple area 
revealed EC; those from the greenish area revealed no dysplasia. This 
lesion was first detected with AFI and only retrospectively by WLE (it was 
classified as "detected with AFI"). 

defined as the presence of cell nuclear polymorphism 
without an increase in the nuclear/cytoplasmic ratio, along 
with a background of a stromal (and sometimes intra- 
epithelial) inflammatory infiltrate. Acute and chronic 
inflammation and reactive epithelial changes were as- 
sessed to determine whether the finding of false-positive 
lesions might be explained by these processes. 

Outcome parameters 

Outcome parameters were the following: (1) the value 
of AFI in terms of the additional number of patients and 
the additional number of lesions with HGD/EC diagnosed 
after WLE; (2) the positive predictive value (PPV) and the 
negative predictive value (NPV) of AFI; and (3) the 
presence and the degree of acute inflammation, chronic 
inflammation, and reactive epithelial changes in AFI- 
guided biopsies (both from areas suspected to contain 
HGD/EC and from those without this suspicion). The PPV 
was calculated as the percentage of true positive lesions 
(i.e., with histologic confirmation of HGD/EC) among the 
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Category 


Value 


Per patient 


1. 6/60 (10%) patients diagnosed 




with HGD/EC 




2. Increased the detection rate of 




HGD/EC from 23% to 33% 




3. 11 occult lesions with HGD/EC 




uciccica in D poiienis \i patients 




with diffuse and 3 with multifocal 




HGD/EC) 


Per lesion 


100% Increase In the total number 




of true positive targeted lesions 




(from 20 to 40 lesions) 



AFI. Autofluorescence imaging; HGD, high-grade dysplasia; EC early 
cancer. 

*Of these 60 patients, 22 (37%) were diagnosed with HGD/EC. 



total number of abnormalities detected with AFI. The NPV 
was calculated as the percentage of true negative samples 
(i.e., with histologic confirmation of the absence of HGD/ 
EC) among the total number of control samples taken 
from areas with a green color on AFI. 

Statistical analysis 

Continuous variables with a Gaussian distribution were 
described as the mean and standard deviation, whereas 
those with a non-Gaussian distribution were described as 
the median and the interquartile range (IQR). The chi- 
square test (Fisher exact test when appropriate) was used 
to compare the degree of acute and chronic inflammation 
and the presence of reactive epithelial changes between 
false-positive lesions and control lesions. All statistic 
analyses were performed by using a statistical software 
package (Statistical Package for the Social Sciences 11.5; 
SPSS Inc, Chicago, 111). 



RESULTS 
Patients 

Sixty patients with BE (54 men, 6 women; mean age 65 
[11] years) were included in this study The median length 
of BE was 3 cm (IQR 2-7 cm). The indicauon for 
endoscopy was the following: regular surveillance with 
no history of HGD/EC (19 patients), evaluation of recently 
diagnosed HGD/EC (23 patients), and follow-up after 
endoscopic treatment for HGD/EC (18 patients). 

Per patient analysis (additional value of AFI) 

Of the 60 patients included, 22 were found to have 
HGD/EC (37%) by the study endoscopy In 14 of these 22 
patients, a total of 20 lesions with HGD/EC were detected 



> \r^TABLi;2..HistopatiS 

' - -::biop5y specimens?' -gs / '^r-- - . - - ^ r^;: - -r" - 1 - : - \ ^ 

AFI NDBE IND LGD HGD/EC Total 

Suspicious 28 5 8 40 81 

Not suspicious 24 4 3 4 35 

AFI, Autofluorescence imaging; NDBE, nondys plastic Barrett's 
esophagus; IND. indefinite for dysplasia; LGD, low-grade dysplasia; 
HGD, high-grade dysplasia; EC early cancer. 

with WLE; all of these lesions were identified as potentially 
HGD/EC by AFI. In 6 other patients, there was no ab- 
normality detected with WLE, and no HGD/EC was found 
in random biopsy specimens; in these patients, the 
diagnosis of HGD/EC was made only by detection of 8 
lesions with AFI. In another patient, there was one lesion 
with HGD/EC that was detected by AFI, although one of 
the random biopsy specimens also revealed HGD. Finally, 
one patient with HGD/EC had no visible abnormality 
detected by WLE or AFI, but one of the random biopsy 
specimens revealed HGD. When the endoscopic images 
from this patient were examined retrospectively, an area 
was noted on AFI that had a color that raised a suspicion 
of HGD/EC, but this observation was not made during 
endoscopy. Subsequent review of the digital video record- 
ings confirmed that the single biopsy specimen with HGD 
was indeed taken from this misinterpreted area. 

In total, there were 20 additional HGD/EC lesions 
detected by AFI alone. Eleven of these areas were 
detected in 6 of the 14 patients with lesions detected 
with both imaging modes. In 3 of these patients, however, 
there was diffijse HGD in the entire Barrett's segment, 
because random biopsy specimens also revealed HGD/EC. 
In the other 3, random biopsy specimens did not 
demonstrate HGD/EC. 

To summarize, the additional value of AFI was the 
following: (1) the diagnosis of HGD/EC in 6 of 60 patients 
examined (1096), thereby increasing the detection rate of 
HGD/EC from 23% to 33%; (2) an increase in the total 
number of detected HGD/EC lesions from 20 to 40 
(100%); and (3) the detection of occult multifocal HGD/ 
EC in 3 patients, who had other lesions with HGD/EC 
detected with WLE (Table 1). 

Per lesion analysis 

PPV and NPV of AFI. The histopathologic diagnoses 
for all AFI-guided biopsy specimens are shown in Table 2. 
In total, 81 areas were detected with AFI that raised 
a suspicion of HGD/EC. In 40 of these areas, HGD/EC was 
found in the corresponding biopsy specimens; the PPV 
of AFI, therefore, was 49%. Thirty-five biopsy specimens 
were taken from areas with a green AFI color (control 
biopsy specimens); 4 of these contained HGD upon 
histopathologic examination (Table 3). The NPV of AFI, 
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therefore, was 89% (31/35). The 4 false-negative samples 
were from 3 different patients, all of whom had a visible 
lesion detected with both WLE and AFI, and in whom all 
other biopsy specimens revealed HGD, thereby indicating 
diffuse HGD in the rest of the Barrett's segment. In ad- 
dition, the HGD in these 4 biopsy specimens was focal 
( < 10%), In contrast, the percentage of dysplasia in true- 
positive AFI-guided lesions was diffuse (>50%) in 7596 
(15/20), moderate (>10% < 50%) in 5% (1/20), and focal 
in 20%. 

Inflammation and reactive changes. In total, there 
were 41 false-positive lesions detected with AFI. The 
histopathology of these lesions was compared with the 31 
true-negative samples for the following: (1) degree of 
acute inflammation, (2) degree of chronic inflammation, 
and (3) presence of reactive epithelial changes. Of these 
factors, the rate of moderate to severe acute inflammation 
was higher in biopsy specimens from false-positive lesions 
than in control biopsy specimens (p = 0.009, Fisher exact 
test) (Table 3). 



DISCUSSION 

This study investigated the feasibility of detecting HGD 
and EC in BE by using a prototype of a novel endoscopic 
imaging technique, AFI. This prototype has some advan- 
tages compared with earlier prototypes of AF endoscopic 
imaging systems. First, the white-light image is of high- 
quality and is clearly superior to that provided by the 
fiberoptic endoscopes used in earlier prototype systems. 
Second, the AF image has 3 different components: total 
detected AF, green reflectance, and red reflectance. 
Incorporation of the red reflectance in the algorithm 
may correct for geometric (e.g., distance) variations that 
may cause a shadowing effect, which can be misinter- 
preted as an abnormality.^^ In addition, false-positive 
abnormalities in the image may be caused by inflamma- 
tion, which is accompanied by a local increase in Hb 
content. Inclusion of the green reflectance image, at 
a wavelength band where the absorption by Hb is high, 
may reduce the confounding effects of inflammation.^^ 

During endoscopy in the AFI mode, normal squamo^us 
mucosa and nondysplastic BE appear green, whereas areas 
within the Barrett's segment that may contain HGD/EC 
have a bluish/purple color (Figs. 1 and 2). Compared with 
previous prototypes, the AFI image provided by the current 
prototype seems to have an excellent contrast between 
nondysplastic and normal regions, and those suspected to 
contain HGD/EC. With previous prototypes, areas of 
suspected HGD/EC had a brick-red color against the 
already reddish background of the nondysplastic BE.^'^° 

Among the 22 patients found to have HGD/EC in this 
study, this diagnosis was made in 14 patients with both 
NVLE and AFI. In 6 patients, HGD/EC was detected only 
with AFI-guided biopsy specimens, whereas other per- 



:TABL£.3jnie^degree of acute -and xhronicinflammatidn;^^^^ 

guided, biopsies: comparisonkbetween^false-positive 
(esibhs:and:true negative areas^^fj^Tv'* > - ^y^i^j^-^A 



False- 



Aspect 


Severity 


positive 
lesions 


Control 
areas 


p Value 


Acute 

inflammation 


Moderate 
to severe 


8 


0 


0.009t 




Absent 
to mild 


33 


31 




Chronic 
inflammation 


Moderate 
to severe 

Absent 
to mild 


18 
23 


16 
15 


0.52t 


Reactive 
epithelial 
changes 


Present 


35 


28 


0.72t 




Not present 


6 


3 





•The degree of acute inflammation showed a statistically significant 
difference between the two groups. 
fFisher exact test 
tPearson's chi-square test 



protocol random biopsy specimens were negative. Thus, 
AFI increased the detection rate of HGD/EC from 23% (14/ 
60) to 33% (20/60). In addition, in 6 of the 14 patients with 
lesions visible with WLE and AFI, a total of 11 other foci 
of HGD/EC were detected by AFI alone. In 3 of these 
patients, the random biopsy specimens also revealed 
HGD; but, in the other 3, these biopsy specimens were 
negative, while AFI contributed to the discovery of 
multiple foci with HGD/EC. Therefore, AFI detected a 
substantial number of additional areas with HGD/EC that 
were not evident by WLE or detected in the random 
biopsy specimens. 

Although the results of the current study are promis- 
ing, the study has some limitations. First, endoscopic 
inspection with WLE and AFI was performed sequendally 
during the same procedure by the same endoscopist. 
Thus, the endoscopist was not blinded to lesions detected 
by WLE while examining the esophagus with AFI. Hence, 
the possibility of information bias in favor of AFI cannot be 
excluded. Second, each patient was examined only once, 
with biopsy specimens taken from all detected lesions, 
followed by procurement of random biopsy specimens 
according to the Seattle protocol. Thus, there still is 
a chance of sampling error and that areas with HGD/EC 
were missed by WLE, AFI, and random biopsies. In a 
previous cross-over study, examination with a standard 
videoendoscopy and Seattle biopsy protocol missed 
about 20% of HGD/EC (see Kara et al^ in this- issue). 
The percentage of missed HGD/EC in the present study is 
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expected to be lower because of the better white-light 
image and the additional value of AFL Nevertheless, it 
cannot be excluded that some areas with HGD/EC could 
have been missed. Furthermore, our institution is a tertiary 
referral center for the evaluation and the endoscopic 
treatment of patients with HGD and EC in BE. This referral 
bias, and the fact that the endoscopists were aware of the 
clinical history of the patients, including any previously 
detected dysplasia, may explain the high rate of HGD/EC 
in the present study Nonetheless, this setting and this 
r/pe of patient population are well suited to a feasibility 
study of the value of a new endoscopic imaging technique. 

Although API appeared to add significant value in the 
present study, it was associated with a relatively high 
number of false-positive lesions; the PPVof finding an AFI- 
positive lesion was 4996. Note that this study was per- 
formed in a selected group of patients with BE in which 
37% had HGD/EC. In patients with a lower risk for 
neoplasia (i.e., the standard surveillance population), it is 
likely that the PPV may be lower than the observed 49%. 
Several explanations are possible for some of the false- 
positive observations in the present study First, a small 
rim of the BE immediately adjacent to the squamocolum- 
nar junction often has a bluish color on AFI, which may 
lead to an increase in the false-positive rate of diagnosis. 
Second, areas with increased vascularity as seen by WLE 
exhibit a bluish color on AFL Third, the gastric mucosa 
also appe;ars blue/purple with AFL Therefore, in a nondys- 
plastic Barrett's segment, the proximal end of the gastric 
folds is characterized by a shift from a blue/purple to 
a green color. This may make it difficult to detect areas 
with HGD/EC that are extremely close to the proximal end 
of the gastric folds. 

To investigate the causes of the high false-positive rate, 
all biopsy specimens were evaluated for the presence and 
the degree of acute and chronic inflammation and reactive 
epithelial changes. It appeared that biopsy specimens from 
false-positive areas had a significantly higher rate of acute 
inflammation compared with control biopsy specimens. 
Distinguishing areas with a severe acute inflammatory 
infiltrate from HGD/EC, therefore, may be difficult with the 
current settings for this prototype imaging , system. In 
the endoscopic surveillance of patients with BE, however, 
the sensitivity and NPV for HGD/EC may be more important 
than the PPV of the technique, because the current 
standard is random 4-quadrant biopsies in the absence of 
visible lesions. The NPV of AFI was 89%. Among a total of 35 
negative areas, 4 contained HGD upon histopathologic 
examination. These biopsy specimens were taken from 3 
different patients who had a lesion detected by WLE and 
AFI (proven to be EC) and diffuse HGD in the entire 
Barrett's segment, because all random biopsy specimens 
revealed HGD. This means that these patients would not 
have been misclassified as having no HGD/EC. 

In conclusion, the prototype endoscopic video AFI 
system evaluated in this study will increase the relative 



number and yield of targeted biopsy specimens. However, 
it will not eliminate the need for random biopsies unless 
randomized controlled studies demonstrate the contrary. 
This is illustrated by two patients in the current study: the 
patient in whom a focal area with HGD was detected with 
AFI, but one random biopsy specimen also revealed HGD; 
the patient with no endoscopically detectable abnormality 
on WLE and AFI, whereas reu-ospective examination of the 
digital images and video recordings from this pauent 
demonstrated that the single biopsy specimen with HGD 
was obtained from an area just above the gastric folds that 
was abnormal on AFL The latter patient was one of the 
first examined with this technique, which may suggest 
a learning curve effect. 

This is the first study of the feasibility of video AFI in 
patients with BE. The results are promising. However, the 
data pertain to an uncontrolled feasibility study conducted 
in a high-risk population. Randomized cross-over studies, 
therefore, are required to investigate the true additional 
value of AFI over standard videoendoscopy The technique 
also needs to be evaluated in low-risk patients with Barrett's 
esophagus to further assess its clinical relevance. 
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New Incoherent Autofluorescence/Fluorescence System for 
Early Detection of Lung Cancer 

MARTIN LEONHARD* 

KARL STORZ GmbH & Co., Marketing New Technologies. Mittelstr, 8. D-78532 TuttUngen. Germany 



A new autofluorescence (AF) system for bronchoscopy that operates as compact as a 
conventional white light bronchoscopy system is described. The system is also capable of white 
light illumination and excitation of aminolevulinic acid (ALA) induced fluorescence. 
Changing between white light and (auto-) fluorescence mode is easy and always possible. 
Broad band excitation with blue light (AF: 380-460 nm; ALA 380-440 nm) delivers high 
intensity illumination at the distal end of the bronchoscope (AF typically 50 mW). A special 
optical observation technique makes the AF directiy visible to the eye instead of indirect 
techniques used in other AF systems. A compact (160 g) and sensitive (typically 0.2 lux) 
camera can be used for documentation. 



Keywords: ALA, Autofluorescence, Bronchoscopy, D-Light AF, Early detection, Lung cancer 



INTRODUCTION 

Perception depends upon the detection technique. 
What we see is the result of the briUiant possibihties 
of the human eye and the human brain. Vision 
enables us to orient and survive in our natural 
surroundings. However, only a fraction of all optical 
information is processed in the natural visual chain. 

Going beyond normal vision is not necessary for 
Uving but can reveal a lot more information about 
the object being observed. Cleverly capturing this 
additional information opens the door to new 
analytical and diagnostic techniques. One of these 
new techniques is to reveal information hidden 



inside tissue to discriminate between suspect tumor 
tissue and normal tissue. 

Basics of Fluorescence Imaging 

Common visual pictures correlate the remission 
spectrum of an object with their physical properties: 
e.g. color, shape, texture, orientation and motion. 
The natural objective is to recognize known struc- 
tures. Incident Hght £(A,jc) as a function of 
wavelength A and space jc, which usually is, "white" 
sunlight, illuminates the scenery and the objects 
modulate the incident light due to different absorp- 
tion and scattering characteristics A{X,x). The 
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remitted scattered light /a,s(A,x) has the same 
wavelength as the incident light Aj. 

/a.s(A, Jc) = A{X,x) * L(A,x) Ar = Ai = A. 

For example, blood absorbs hght in the blue and 
green part and remits the remaining spectrum; the 
color of blood is described as red. This type of 
modulation is the dominant process which gives us 
orientation in our natural surrounding and in day- 
to-day Hfe. 

Fluorescence in contrast is an additional effect 
that contributes to remission and changes the 
wavelength of incident light. Fluorescence F(Afi; 
Aj; x) correlates the wavelength of the incident light 
Ai and the fluorescence Hght Api and therefore 
provides additional information. Generally speak- 
ing the fluorescent light /pi is red shifted. 

/fi(Afi,x) = J F{Xf:\; Xi; x) ' L{Xi; x) dXi An > Ai. 

Thus the overall intensity /(A, jc) becomes 
/(A,x) = /a,s(A,x) + /fi(Afi,x) 

and is generally dominated by absorption and 
scattering effects, because fluorescence is weak. 

By employing a simple trick we can make 
fluorescence visible, i.e. we have to eliminate the 
dominating scattering contribution to realize the 
fluorescence. This is possible due to the spectral 
separation of incident and fluorescent Hght. By 
blocking the wavelength of the incident Hght in the 
observation pathway we eliminate disturbing scat- 
tering light and reveal the fluorescence. 

Fluorescence originates in chromophores which 
can be intrinsic (autofluorescence, AF) or added to 
the tumor tissue (xenofluorescence). 

Biophysical Effects of Autofluorescence 

To evoke AF in the visible range, special molecules 
or chromophores are required. Various proteins are 
known to display fluorescence when excited in the 
near UV or with blue light. These different 
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FIGURE 1 Normalized fluorescence spectra of various 
tissue chromophores in aqueous solution excited at 308 nm 
(from left to right: Collagen I, Collagen II, NADH. FADHj). 

chromophores are embedded in complex matrices 
and provide different micro environments to the 
chromophores. Excitation and fluorescence spectra 
of the dyes involved are typical broad band spectra. 
This effect can be used in the chnical application of 
tissue intrinsic (auto-) fluorescence. 

Figure I displays several molecules which are 
expected to play an active role in AF when excited 
with a XeCl-Laser at 308 nm [1]. This representation 
is chosen for a more complete display of the spectra. 
Excitation with the KARL STORZ D (Diagnosis)- 
Light AF cuts off the short-wavelength part of the 
spectra. 

The penetration depth of light is wavelength 
dependant and increases with wavelength in the 
visible range. Blue hght penetration depth is hmited 
to a fraction of a millimeter but is significantly 
deeper than UV light penetration depth. Therefore 
only the very top layers of tissue can be involved in 
optical effects. Fluorescence is suspected to origi- 
nate in the submucosal layer. 

The modulation responsible for contrasting early 
stage tumors is not revealed in detail. One effect is 
modified metabolic activity in tumor cells which 
effects also fluorescencecharacteristics. Another 
effect is tissue optical basea\ind comes from the 
epithelium which absorbs light depending on 
the thickness of the layer (Fig, 2) according to 
Lambert- Beer's law. Malignant alterations display 
thickened epithelium and therefore appear darker 
under AF detection. Additionally, only a smaller 
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FIGURE 2 Tissue optical effect revealing early tumor 
stages, e.g. carcinoma in situ (CIS). Excitation at 380-460 nm; 
detection at 470-800 nm (schematical drawing). 

amount of submucosal tissue can be illuminated due 
to limited penetration depth. 

Biophysical Effects of ALA-induced Fluorescence 

Inhalation of the endogeneous substance 5-amino- 
levulinic acid (ALA) leads to a tumor sensitive 
fluorescence marking. The heme metabolic pathway 
is made use of and transforms ALA into proto- 
porhyrin IX (PPIX) which is accumulated in tumor 
cells. PPIX shows an absorption maximum at 
410 nm and fluorescence with broad peaks at 635 
and 705 nm. Details are available in this volume 
(Huber et al.) and elsewhere [2]. 

The method of ALA-induced detection of early 
tumor stages is successfully applied with D-Light 
excitation for detection of superficial bladder cancer 
[3], malignant glioma [4] and in various other fields. 



MATERIALS AND METHODS 

History The incoherent light system' used to 
induce fluorescence is the new KARL STORZ 
D-Light AF system (KARL STORZ, Tuttlingen, 
Germany) which is based on a technology devel- 
oped for early detection of superficial bladder 
cancer [3]. This incoherent diagnostic approach 
for ALA-induced fluorescence was found to be 
clinically more convenient than a krypton-ion laser 
which originally was used for illumination [5]. 
Rapid technological innovation has created a 
powerful bronchoscopy system capable of (auto-) 
fluorescence detection. No contrast agent is re- 
quired with the autofluorescence technology. 



D-Light AF System 

The D-Light AF system is handy, weighs less than 
10 kg and is capable of three different illumination 
modes: (1). Conventional white light mode; (2) AF 
mode; (3) ALA-induced fluorescence mode which is 
described elsewhere [2]. The system is based on a 
300-W Xenon lamp with special optics to focus high 
intensities of hght into a liquid light guide, which is 
optimized for blue light transmission. The modes 
can easily be switched any time by a footswitch. In 
the AF mode output wavelength is between 380 and 
460 nm; in the ALA mode between 380 and 440 nm. 
Blue Hght output power for AF at the distal end of 
a KARL STORZ broncho-fiberscope is typically 
50 mW. 

Observation 

Both rigid telescopes and flexible fiberscopes are 
compatible with the KARL STORZ D-Light AF 
system. Critical to this method of tumor detection 
is the use of the correct observation technique as 
mentioned above which is reahzed in these special 
endoscopes. The specially designed endoscopes 
contain a filter wheel with three different positions 
for white hght mode (a), for AF mode (b) and 
optionally for ALA-induced fluorescence mode (c). 
Position (a) does not contain any filter to allow 
standard white light bronchoscopy, whereas posi- 
tions (b) and (c) contain observation filters that 
block the incident light properly for AF or ALA 
mode, respectively. For optimal contrast, specific- 
ity, illumination and plasticity a small amount of 
the blue excitation light bypasses the detection 
filters. With this trick, observation of biopsy forceps 
or other instruments is ensured even in (auto-) 
fluorescence mode. V 

The complete procedure can be performed 
entirely with D-Light AF and the special broncho- 
scope, and allows detection with the naked eye 
which is known for its high dynamic range. The 
technique used is direct imaging instead of indirect 
as used in other approaches [6]. 

The rigid telescopes used are Hopkins bron- 
choscopic telescopes with 5.5 mm diameter and 
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different directions of view (0° and 30°), They are 
optimized for fluorescence observation as described 
above. The 0° telescope provides extremely high 
luminous intensity so that white light conditions 
can almost be matched in the AF mode to allow 
perfect imaging and observation. 

The fiberscopes were remodeled, improved and 
adapted for (auto-) fluorescence, with both a 5.0 mm 
(1 1001 BI) and 6.4 mm version (1 1004 BI) available. 
The distal tip has a upward range of 1 80° movement 
and a downward range of 100°/80°, respectively. 
Instrument channels are 2.3/2.8 mm, respectively. 
Optical quahty is brilhant in both (auto-) fluores- 
cence and white light mode. 

Documentation 

To allow proper documentation special endo- 
cameras are available (Telecam SL PDD, Tricam 
SL PDD, both KARL STORZ, Tuttlingen, 
Germany). These CCD-cameras have a optimized 
optical system and allow additional on-chip inte- 
gration for the fluorescence modes. With a typical 
integration time of 1/15 s the Telecam SL PDD 
achieves sensitivity better than 0.2 lux. Luminous 
sensitivity can be increased by one order of mag- 
nitude. The endocamera weighs about 160g and 
therefore has no need for any holding device. The 
camera can nicely communicate with the D-Light 
AF system to synchronize illumination and detec- 
tion modes. For blue light illumination (both AF 
and ALA mode) the camera is switched to the blue 
light mode from the white hght mode whicK'is used 
as for conventional endocameras. The blue light 
mode allows the extended on-chip-integration as 
described above and has a specially adapted built-in 
color balancing function for fluorescence mode to 
match with the colors that are visually perceived. 
The complete system is compact and provides 
flexibility by allowing examination of a fluorescence 
finding with the white light as often as necessary. 
Additional image storage devices can be easily 
configured and added. 

Clinical experience is reported in this issue and 
elsewhere [2,7-9]. The system is compact (Fig. 3), 




FIGURE 3 Karl Storz fluorescence detection system 
D-Light AF with fiberbronchoscope 1 1004 'BI and Telecam 
SL PDD. 



easy to handle, economic and gives brilhant images 
for all illumination modes. The Karl Storz AF 
system is CE-marked and commercially available 
for the European market and selected countries. 
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[57] ABSTRACT 

An exciting lig^t filter through which exciting hghl which is 
adapted to radiate fluorescence &om a living tissue is 
transmitted, is provided in an illumination li^t path defined 
between a light source which emits the illumination light 
and an object to be observed, in a fiuoresoeoce endoscope. 
A fluorescence filter which permits fluorescence which is 
radiated firom the living tissue due to the illumination by the 
exciting light and whose wavelength is longer than that of 
the exciting light to pass therethrough but does not permit 
the exciting light to pass through the fluorescence filter, is 
provided in an observation light path defined between the 
object and a viewing portion in which an image of the deject 
is viewed. There is a difference of 20 nm to 40 nm between 
the longest wavelength of the wavelength band of which 
more than 10% are transmitted through the excitix]^ lighl 
filter and the shortest wavelength of the wavelength band of 
which more than 10% are transmitted through the fluores- 
cence filter. 
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FLUORESCENCE ENDOSCOPE HAVING AN SUMMARY OF THE INVENTION 

EXCmNG UGHT FILTER AND A r. • w . ^ 

FX/UORESCENCE FILTER it is an object oi tne present invention to provide a 

fluorescence endoscope in wtiicb, using an exciting light 

BACKGROUND OF THE INVENTION 5 ^^^^ ^ fluorescence filter, good visual observaticm using 

fluorescence can be easily obtained, 

le o the Invention achieve the object of the present invention, there is 

The present invention relates to a fluorescence endoscope provided a fluorescence endoscope in vrtiich an exdting 

which IS used for directly viaially observing a living tissue. light filter, through which exciting light which is adapted to 

using fluorescence which is radiated from the living tissue radiate fluorescence &om a Uving tissue is transmitted is 

when visual light is impinged upon the living tissue. provided in an illumination light path defined between a 

2. Description of the Related Art light source Lamp which emits the illumination light and an 

In general, in a fluorescence endoscope, an exciting light object to be observed, and a fluorescence filter which 
filter is provided in an illumination light path defined permits fluorescence which is radiated from the living tissue 
between a light source Oamp) and an objecA to be examined. 15 to the illumination by the exciting light and whose 
Exdting light, adapted to radiate fluorescence from the wavelength is longer than that of the exciting light to pass 
living tissue, can be transmitted through the endoscope, A therethrough but does not permit the exdting light to pass 
fluorescence observing filter (fluorescence filter) is provided through the fluorescence filter is provided in an observation 
in the illumination light path. The fluorescence observing P^th defined between the object and a viewing portion 
filter permits fluorescence radiated from the Uving tissue, in 20 ^ which an image of the object is viewed. There is a 
response to the exdting light and having a wavelength difference of 20 nm to 40 nm between the longest wave- 
longer than that of the exdting light, to pass therethrough length of the wavelength band of which more than 10% are 
and does not permit the exciting light to pass through the transmitted through the exciting ligjit filter and the shortest 
fluorescence filter. wavelength of the wavelength band of which more than 10% 

Hie wavelength band of the exdting light which exdtes 25 are transmitted through the fluorescence filter, 

the living tissue to radiate fluorescence therefrom is approxi- Preferably, the longest wavelength of the wavelength 

mateiy 420 nm to 480 nm and the optimal wave length band of which more than 10% pass through the exdting light 

for the radiation of fluorescence is approximately 450 nm to ^^ter is 455 nm to 460 nm, and the stortest wavelength of 

475 nm. the wavelength band of \^duch more than 10% pass through 

On the other hand, the wavelength band of the fluores- ^ fluorescence filter is 480 nm to 495 nm. 
cence radiated fix)m the living dssue is approximately 480 preferred embodiment, in the transmission wave- 
nm to 600 nm and the peak value of the intensity thereof is length band of the exciting light filter on the long wave- 
obtained at 480 nm to 520 nm, adjacent to the wavelength length side, the wavelength band in which the transmission 
band of the exdting light. changes from 90% to 10% is 12 nm to 20 nm. 

Since the intensity of the fluorescence produced by the Also, in the transmission wavelength band of the fluo- 

exdting light is extremely small in comparison with the rescence filter on the short wavelength side, it is preferable 

exciting light, even a small amount of exciting light which that the wavelength band in which the transmission dianges 

readies the observing portion makes it difQcult to observe from 10% to 90% be 13 nm to 30 nm. 

the fluorescence. To this end, the exciting light filter and the The present disclosure relates to subject matter contained 

fluorescence filter must be produced so that the wavelength in Japanese Patent implication No. 07-290854 (filed on Nov. 

band which can pass through the exdting light filter and the 9, 1995) which is expressly incorporated herein by reference 

wavelength band which can pass through the fluorescence in its entirety, 
filter do not overlap. 

However, since the wavelength bands of the exdting Ught 45 BRIEF DESCRIPTION OF THE DRAWINGS 

and the fluorescence are adjacent as mentioned above and to. • ^ -ti u j i. ^ ^ • ^ . * 

they exhibit the peak valued of the intensity withii^ limited •^^''^ ^^""^"^ 

ranges, if the exciting light transmission i of iSe excit- ^ accompanymg drawmgs, in whidi: 

ing li^t filter is located away from the fluorescence trans- S^aph showing q)ectral transmission charac- 

mission range of the fluorescence filter, the amount of light 50 teristics of a fluorescence endoscope according to the 

transmitted through the filter is reduced, so that the intensity P^sent mvention; and, 

of the fluorescence to be observed is weakened, thus result- FIG. 2 is a conceptual view of a fluorescence endoscope 

ing in a diagnosis error. according to the present invention. 

In theory, it is ideal that the exdting Ught filter and the 

fluorescence filter are prepared so that the longest wave- 55 DESCRIPTION OF THE PREFERRED 

leiigth of the light trananitted through the exdting light filter EMBODIMENTS 

is identical or almost identical to the shortest wavelength of fIg. 2 shows a whole rehire of a fluorescence endo- 

the hght transmitted through the fluorescence filter. scope in which 1 designates the insertion portion of the 

The longest wavelength or the shortest wavelength trans- endoscope and 2 designates the operation portion connected 

mitted through the filter refers to the wavelength at which 60 to the base end of the insertion portion 1. The insertion 

the transmittance of the filter is zero, and hence it is portion 1 is provided with an (optical) objective system 4 

extremely difficult to optically measure the longest wave- inc<»poraled in the front end thereof to form an image of an 

length or shortest wavelength. This is the reason that it is object onto the inddent end surface of a bundle of image 

very diflScult to produce the filter with reference to the guiding fibers (an image guide fiber bundle) 5. The image 

longest wavelength that can pass through the exdtiiig light 65 guide fiber bundle 5 extends through the operation portion 2 

filter or the shortest wavelength that can pass through the from the insertiDn portion 1 and reaches an eyepiece portion 

fluorescence filter. 3, at the emission end thereof. The eyepiece portion 3 is 
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provided with an ocular system 6 incorporated therein to whose wavelength can pass through the fluorescence filter 

provide an enlarged view of the emission end of the image 45 can be made incident upon the image intensifier 43. The 

guide fiber bundle 5. light whose wavelength passes through the exciting light 

An image of an object located in front of the insertion filter 12 does not pass through the fluorescence filler 45. 

portion 1 is formed on the incident end surface of the image 5 When the light whose wavelength passes through the 

guide fiber bundle 5 by the objective system 4. The image exciting light filter 12 is emitted toward the living tissue, the 

thus formed is transmitted to the eyepiece portion 3 through normal tissue radiates fluorescence of wavelength which 

the image guide fiber bundle 5. Thus, the object image can passes through the fluorescence filter 45 but no fluorescence 

be directly and visually observed through the ocular system is radiated from, for example, cancer tissue or the like. 

6 when the eyepiece portion 3 is not connected to a TV 10 Consequently, when the exciting light filter 12 is inserted in 
camera unit 20 commonly xised for regular l^t and fluo- the illumination light path, the fluorescence radiated from 
rescence. the normal tissue only of the object (living tissue) is made 

A bundle of light guiding fiber (light guide fiber bimdle) incident upon and intensified by the image intensifier 43. 

7 through which illumination light with which the object is A light path switching optical system 50 is provided in the 
illuminated is transmitted extends in the objective system 4 front end of the regular/fluorescence TV camera unit 20 to 
and the insertion portion 1 and reaches, at the incident end switch the fight path of the light transmitted through the 
thereof, a detachable connector 9 which is detachably ocular system 6 between a first light path connecting with 
attached to a light source apparatus 10 through a light guide the TV camera 30 and a second light path connecting with 
connecting tube 8. the TV camera 40. 

A lamp 11 in the form of a xenon lamp is provided in the ^° The light path switching optical system 50 is comprised of 

light source 10, so that the illumination light emitted from a roof prism 55 which is provided with a reflecting sur&ce 

the lamp 11 is converged and made incident upon the light inclined at 45** with respect to the optical axis of the ocular 

guide fiber bundle 7 at the incident end thereof and is system 6 and which is movable in a direction perpendicular 

emitted from the emission end of the light guide fiber bundle to the optical axis of the ocular system 6. The movement of 

7 toward the object to illuminate the same, ^ the roof prism 55 is carried out by an operation rod 56. 

An exciting light filter 12 whidi permits more than 10% Consequently, when the roof prism 55 is located on the 

of wavelength of for example 380 nm to 460 nm to pass optical axis of the ocular sy^em 6 as shown in FIG. 2, the 

therethrough (i.e., transmittance of more than 10%) is retrac- image transmitted through the ocular system 6 is reflected 

tably inserted in the illumination light path between the laterally by the roof prism 55 and is formed on the solid-sUte 

incident end surface of the light guide fiber bundle 7 and the image pidcup device 31 of the normal image pickup TV 

lamp 11 by means of a solenoid 13. camera 30. 

The exciting light filter 12 is retracted from the illumi- When the roof prism 55 is laterally moved and retracted 

nation hghtpath upon normal observatiOT, as shown in FIG. from the optical axis of the ocular system 6, the image 

2 and is inserted in the illumination light path upon an transmitted through the ocular system 6 passes through the 

observation using fluorescence (fluorescence observation). fluorescence filter 45 and is formed on the light receiving 

The inserted position of the exciting light filter 12 is not surface of the image intensifier 43, as indicated by a phan- 

shown. tom line in FIG. 2. The light intensity of the image is 

The eyepiece portion 3 can be detachably connected to flie intensified by the image intensifier 43. Consequently, the 

regular/fluorescence TV camera unit 20, The latter is pro- image is formed on the solid-state image pickup device 41 

vided with a normal image pickup TV camera 30 incorpo- of the fluorescence image pickup TV camera 40. 

rated therein, which is adapted to pickup the regular in the ilhistrated embodiment, there is a single TV mom- 

(normal) object image transmitted through the ocular system tor 60 to which the image signal output horn the regular 

6 and a fluorescence image pickup TV camera 40 incorpo- image pickup TV camera 30 or the fluorescence image 

rated in the TV camera 20, which is adapted to pickup the 45 pickup TV camera 40 is sent. The selection of the image 

fluorescence image transmitted through the ocular system 6. signals from the TV cameras 30 and 40 is effected by a line 

The TV cameras 30 and 40 are integrally formed a^a single selector 61. Numerals 62 and 63 represent controllers for the 

^iiit- TV cameras 30 and 40, respectively. 

The normal imagp pickup TV camera 30 has a solid-stale A controller 70 having a micro processor incorporated 

image pickup device 31 and an imaging lens 32. The 50 therein outputs control signals to control the operation of the 

fluoresceiice image pickup TV camera 40 has a solid-state image intensifier 43, the line selector 61 and the exciting 

image pickup device 41 and an imaging lens 42. light filter 12, etc., in association with the switching qpera- 

Consequently, when the eyepiece portion 3 of the endoscope tion of the ligjit path switching optical system 50. A detector 

is attadied to or detadied from the regular/fluorescence TV 71 detects the switching state of the light path switching 

camera unit 20, the endoscope is attached to or detached 55 optical system 50 and supplies the detection signal to the 

from the normal image pickup TV camera 30 and the controller 70. 

fluorescence image pickup TV camera 40 together. Consequendy, upon normal observation, the exciting light 

The fluorescence image pidcup TV camera 40 is provided filter 12 is retracted from the iUumination light path in the 

with an image intenafier (I.I.) 43 which remaikably ampli- light source apparatus 10, as shown in FIG. 2, so that the 

fies the intensity of the light transmitted through the ocular 60 object is illuminated by the normal ilhimination light. Thus, 

system 6. 44 designates the imaging lens to form the object the observed object image is picked-up by the regular image 

image transmitted through the ocular system 6 onto the pickup TV camera 30. 

incident end surface of the image intensifier 43. On the regular/fluorescence TV camera unit 20 side, the 

A fluorescence filter 45 which permits more than 10% of power source of the image intensifier 43 is' turned OFF, and 

wavelength of for example 480 nm to 580 nm to pass 65 the line selector 61 is switched to the normal image pickup 

therethrough (Le., transmittance of more than 10%) is pro- TV camera 30. Consequently, the observed normal image 

vided in front of the imaging lens 44, so that only the light formed by the whole wavelength of the visible light is 
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indicated in the TV monitor 60 in accordance with the image 
signal output from the solid-state image pickup device 31 of 
the normal image pidoip TV camera 30. 

When the light path switching optical system 50 is 
switched to move the roof prism 55 in the lateral direction 
so that the roof prism 55 is retracted from the illumination 
light path, while keeping the eyepiece portion 3 connected 
to the regular^uorescence TV camera 20, the exciting light 
filter 12 is inserted in the illumination light path and the 
power source of the image intensifier 43 is turned ON. 
Consequently, the line selector 61 is switched to the fluo- 
rescence image pickup TV camera 40. 

As a result, the object is iUundnated by the iUinnination 
light (exciting light) whose wavelength passes through the 
exciting light fiker 12, The observed image is transmitted 
through the fluorescence filter 45 and is made incident upon 
the image intensifier 43. 

Thus, only the light whose wavelength passes through the 
fluorescence filter 45 is made incident upon the image 
intensifier 43. Namely, the fluorescence radiated from the 
object is only made incident upon the image intensifi^ 43, 
so that the intensified fluorescence image ispicked-up by the 
solid-state image pidoip device 41 of the fluorescence image 
pickup TV camera 40 and is indicated in the TV monitor 60. 

<EXAMPLE 1> 

FIG. 1 shows spectral transmission characteristics of the 
exciting light filter 12 and the fluorescence filter 45. In the 
downward curved portion of the transmission wavelength 
band of the exciting light filter 12 on the long wavelength 
side in FIG. 1, the wavelength at which the transmission is 
90% is XI and the wavelength at which the transmission is 
10% is X2, respectively. Also, in the raised portion of the 
transmission wavelength band of the fluorescence light filter 
45 on the short wavelength side in FIG. 1, the wavelength at 
which the transmission is 10% is X3 and the wavelength at 
which the transmission is 90% is 7t4, respectively. 

In general, for a filter, it is practicaUy extremely dif&cult 
to measure the wavelength at whidi the transmission is 0% 
or 100%, but the wavelength at which the transmission is 
10% or 90% can be easily optically measured. 

In Example 1 in which the exciting light filter 12 and the 
fluorescence filter 45 having the following optical charac- 
teristics were used, a light and clear fluorescence observa- 
tion could be carried out. 

XI: 435 nm 

X2: 455 nm 

X3: 495 nm 

\4: 525 nm 

<EXAMPIJB2> 

In Example 2, the exciting light filter 12 and the fluores- 
cence filter 45 having the following optical characteristics 
were used. Similarly to Example 1, a light and clear fluo- 
rescence observation could be carried out, 

XI: 440 nm 

X2: 458 nm 

X3: 488 nm 

X4: 513 nm 

<EXAMPLE 3> 

In Example 3, the exciting lig^t filter 12 and the fluores- 
cence filter 45 having the following optical characteristics 
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were used. Similarly to Example 1, a light and clear fluo- 
rescence observation could be carried out. 

XI: 448nm 

X2: 460 nm 

X3: 480 nm 

X4: 493 nm 

As can be understood from the above discussion, accord- 
ing to the present invention, since the exciting light filter and 
the fluorescence filter are formed such that there is a 
predetermined difference between the longest wavelength of 
the wavelength band of which more than 10% pass through 
the exciting light filter and the shortest wavelength of the 
wavelength band of which more than 10% pass through the 
fluorescence filter, the transmission wavelei^jth bands do not 
overlap. Moreover, according to the present invention, the 
exciting light filter and the fluorescence filter whose trans- 
mission wavelei^:th band is located adjacent or very closely 
to the transmission wavelength band of the exciting ligjit 
filter can be easily prepared, based on the precise measure- 
ment of the wavelength. 

What is claimed is: 

1. A fluorescence endoscope in ^n^cb fiving tissue is 
illuminated by exciting l^t and radiated fluorescence light 
from said living tissue is received and said radiated fluo- 
rescence waveletigth is longer than that of said exciting 
light, said fluorescence endoscope comprising: 

a light source lamp, which emits iUumination light; 

an illumination light path defined between said light 

source lamp and an object to be observed; 
a viewing portion in which an image of said object is 

viewed; 

an observation light path defined between said object and 
said viewing portion; 

an exciting fight filter through which exciting light which 
is adapted to radiate fluorescence from a living tissue is 
transmitted, said exciting light filter being provided in 
said iUiunination light path; and 

a fluorescence filter, which permits fluorescence whidi is 
radiated from said living tissue due to illimiination by 
said exciting light to pass therethrougb but does not 
permit said exciting light to pass therethrough, said 
fluorescence filter beii^ provided in said observation 
light path; 

wherein there is a difference of 20 nm to 40 nm between 
said longest wavelength of said wavelength band of 
which more than 10% are transmitted throug}i said 
exciting fight filter and said shortest wavelength of said 
wavelength band of which more than 10% are trans- 
mitted through said fluorescence filter. 

2. The fluorescence endoscope according to claim 1, 
wherein said longest wavelength of said wavelength band 
more than 10% of which pass through said exciting light 
filter is 455 nm to 460 nm. 

3. The fluorescence endoscope according to claim 2, 
wherein said shortest wavelength of said wavelength band of 
which more than 10% pass through said fluorescence filter 
is 480 run to 495 imi. 

4. The fluorescence endoscope according to claim 1, 
wherein said transmission wavelength band of said exciting 
light filter on said long wavelength side, in which said 
transmission chaises from 90% to 10% is 12 nm to 20 imi. 

5. The fluorescence endoscope according to claim 4, 
wherein in said transmission wavelength band of said fluo- 
rescence filter on said short wavelength side, in which said 
transmission chai^^ from 10% to 90% is 13 imj to 30 nm. 
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6. Hie fluorescence endoscope accoidii:^ to daim 1, 
wherein on said long wavelength side of said exciting light 
filter, at which said transmission is 90% said transoussion 
wavelength XI is 435 nm, and at which said transmission is 
10% said transmission wavelength \2 is 455 nm. 

7. The fluorescence endoscope accordii^ to claim 6, 
wherein on said short wavelength side of said fluorescence 
filter, at which said transmission is 10% said transmission 
wavelength X3 is 495 nm, and at which said transmission is 
90% said transmission wavelength X4 is 525 nm. 

8. The fluorescence endoscope according to daim 1, 
wherein on said long wavelength side of said exciting light 
filter, at which said transmission is 90% said transmission 
wavelength XI is 440 mn, and at which said transmission is 
10% said transmission wavelength X2 is 458 nm. 

9. The fluorescence endoscope according to claim 8, 
wherein on said short wavelength side of said fluorescence 
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filter, at which said transmission is 10% said transmission 
wavelength X3 is 488 nm, and at which said transmission is 
90% said transmission wavelength X4 is 513 nm. 

10. The fluorescence endoscope according to claim 1, 
wherein on said long wavelength side of said exciting light 
filter, at i^cb said transmission is 90% said transmission 
wavelength XI is 448 imi, and at which said transmission is 
10% said transnission wavelength X2 is 460 nm. 

11. The fluorescence endoscope according to claim 10, 
wherein on said short wavelength side of said fluorescence 
filter, at whidi said transmission is 10% said transmission 
wavelength X3 is 480 tmi, and at which said transmission is 
90% said transmission wavelength X4 is 493 nm. 
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Development of the Autofluorescence 
Endoscope Imaging System 

RENSUKE ADACHP *, TETSUYA UTSUP and KOICHI FURUSAWA*> 

^Research and Designing Department, Medical Instrument Division; ^Research and Development Division, 
Asahi Optical Co.. Ltd. 2-36-9 Maenocho Itabashi-ku, Tokyo 174, Japan 



It is a well known fact that Ught emitted at a specific wavelength induces fluorescence in the 
human body. This kind of fluorescence is called autofluorescence. The application of 
autofluorescence diagnosis, on the other hand, is a more complicated system designed to 
detect faint autofluorescence inherent in tissues/cells. We have adopted this autofluorescence 
diagnosis method and developed a new autofluorescence endoscope imaging system called 
the S AFE-1000. Normal mucosa emitting autofluorescence appears green on the monitor, 
while abnormal mucosa shows a dark unage caused by the lack of autofluorescence. 

Keywords: Autofluorescence, Bronchoscope, Carcinoma in situ. Image intensifier 



1. INTRODUCTION 

Endoscopic application of fluorescence for medical 
detection of carcinoma has recently attracted con- 
siderable attention. These spectroscopic techniques 
can be classified into two basic types. One method is 
called photodynamic diagnosis (PDD) [1,2,3] using 
chemicals called photosensitizers that react to 
various wavelengths of light. The other method is 
autofluorescence diagnosis, hereafter referred to as 
AFD, employing inherent tissue/mucosal auto- 
fluorescence without the use of additional photo- 
sensitizers. 

PDD using tumor-affinitive photosensitizers is 
the easier of the two techniques to apply. However, 
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after intravenous administration of these chemi- 
cal photosensitizers, a patient must remain in a 
darkened environment until these light sensitive 
chemicals have metabolized to a safe level. Actual 
diagnosis via this method is somewhat more difficult 
due to the fact that fluorescence from the photo- 
sensitizers interferes with the autofluorescence from 
normal mucosa. 

The application of AFD, on the other hand, is a 
more complicated system designed to detect faint 
autofluorescence inherent in tissues/cells. Since it 
does not require the use of any photosensitizers, it 
produces fewer side efTects. Furthermore, it can be 
performed in conjunction with conventional endo- 
scopy. With safety concerns being the primary 
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factor, Asahi Optical Co., Ltd. has adopted this 
AFD method and developed a new autofluorescence 
endoscope imaging system called the SAFE- 1000. 

It is a well known fact that light emitted at a spe- 
cific wavelength induces fluorescence in the human 
body [3-9]. This kind of fluorescence is called 
autofluorescence. Typically, a greater amount of 
autofluorescene occurs with normal mucosa and 
little fluorescene is exhibited by abnormal tissue. 
Applying this same principle, Pentax has developed 
a new autofluorescence endoscope imaging system 
(Pentax SAFE- 1000) without the appHcation of any 
photosensitizing agents or use of any laser. 

By utilizing the same white light used in conven- 
tional endoscopy through a pass filter that allows 
passage of only specific wavelengths, the SAFE- 
1000 collects blue light and delivers it endoscopi- 
cally to mucosa to excite tissue autofluorescence. By 
detecting and amplifying the faint autofluorescence 
at a green wavelength from normal mucosa, a highly 
sensitive video camera incorporated into the SAFE- 
1000 can show the intensified green autofluorescent 
image on a color monitor. However, for abnormal 
tissue, the autofluorescence at the green wavelength 
is significantly diminished, making it appear dark 
on the video monitor. It can then be easily dis- 
tinguished from the more intense autofluorescence 
obtained from normal mucosa [2]. 

2. EXPERIMENTAL MODEL 

Otto Warburg was a German biochemi'st who 
discovered that there are considerable biochemical 
differences between normal cells and cancer cells 
[10]. For instance, he found that cancer cells pro- 
duce more lactic acid than normal cells. This phe- 
nomenon was confirmed both in vivo and in vitro 
studies. Several investigations have been performed 
on the overproduction by cancerous cell of lactic 
acid, called the Warburg eflect. Though the entire 
process has not been completely defined, it has been 
confirmed that this overproduction (of lactic acid) is 
generated by glucose through a glycolysis pathway 
(Fig. 1). 
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FIGURE I The overproduction of lactic acid through 
glycolysis. 



This increase in the overproduction of lactic acid 
through glycolysis is due not so much to decreased 
enzymatic action but to an increase in fermenting 
activity. The fact that tumors consume more glucose 
than is usually required for normal growth indicates 
that there is some malfunction in the mechanism at 
which the cells control the speed of absorption of 
glucose. It has actually been confirmed that the 
cellular absorption speed of glucose is increased in 
abnormal cells. 

The following common substances found in the 
human body are known to exhibit tissue autofluo- 
rescence (Table I). 
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TABLE I 


Fluorescent substances 


in the human body 


Fluorescent 


Exitation light 


Fluorescent 


substance 


wavelength (nm) 


wavelength (nm) 


Tryptophan 


280 


340 


Collagen 


325 


380 


Elastin 


410 


440 


NADH 


365 


470 


Flavin 


440 


520 


Porphyrin 


400 


630, 690 




500 

wave length (nm) 



FIGURE 2 Fluorescence spectrum by changing the ratios of 
FMN and lactic acid. 



The substances that participate in the AFD are 
not specified. In our study, we noted that when 
the fluorescent substance is mixed with other 
substances, the peak wavelength of the fluorescence 
is not changed and is merely attenuated. 

In this study, flavin and its derivative, flavin 
mono nucleotide (FMN), have been selected 
because flavin is associated with cellular/biochem- 
ical metaboHsm and fluoresces in the gretn wave- 
length. Based upon the Warburg effect, it is believed 
that the different metabolic processes between nor- 
mal mucosa and tumors might have some effects on 
the spectral emission of their autofluorescene. We 
have therefore developed the following experimen- 
tal model (Fig. 2). 

Figure 2 shows the fluorescence intensity exhib- 
ited by several mixtures of FMN and lactic acid due 
simply to changing their proportions. At a molec- 
ular level, FMN emits autofluorescence while lactic 
acid does not. Depending upon the ratios in each 
mixture, the fluorescence intensity of each mixture 



varies. Flavin and its derivatives such as FMN or 
FAD are enzymes or coenzymes that are widely 
distributed throughout the human body and are 
strongly associated with oxidation-reduction reac- 
tions. Consequently, it is the molecular make-up 
and their different metabolic processes which 
produce the different relative densities of autofluo- 
rescent and non-autofluorescent substances. This 
seems to be one of the factors that would then 
contribute to the different intensities in autofluo- 
rescence inherent in various tissues. Moreover, it is a 
well-known fact that blood flow increases in tumors 
and cancerous tissues. Blood can be considered as a 
non-autofluorescent substance in this case, because 
it does not emit any autofluorescence at the ob- 
served wavelength. Therefore, the increased blood 
flow in tumors seems to be one of the primary 
factors that could cause different intensities of 
autofluorescence in various types of tissues. As a 
result, it would appear that the SAFE- 1000 could 
aid in the detection of tumors by identifying met- 
abolic differences, due to changes in cellular 
abnormalities, via autofluorescence. 



3. PENTAX SAFE 1000 (A NEW 

AUTOFLUORESCENCE ENDOSCOPE 
IMAGING SYSTEM) 

3.1. System Configuration 

(1) Target Area: bronchial tubes. 

(2) Equipment (Fig. 3): 

(1) A bronchofiberscope (Pentax FB-18RX). 

(2) An excitation light source (Pentax LX- 
750AF) incorporating a 75 W xenon lamp 
and an excitation filter (EX filter). The EX 
filter is automatically inserted to or 
removed from the light path with the 
changeover switch on the camera box. 
Through the EX filter, the light source 
delivers excitation blue light for autofluo- 
rescence endoscopy. Without the filter, the 
light source delivers white light for conven- 
tional endoscopy. 
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(3) A video camera incorporating 

- an endoscopic TV camera with a 
410000-pixel 1/2" CCD; 

- a fluorescence TV camera; 

- light path changing optics (prism); 

- a fluorescence filter (FL filter); 

- an image intensifier which amplifies faint 
fluorescence signal thousands of times; 

- a changeover witch on the TV camera 
box. The switch changes the camera for 
endoscopic or fluorescence use and 
simultaneously inserts or removes the 
EX filter to or from the Ught path; 

- an image intensifier control switch 
(AUTO FL CONTROL) on the TV 
camera box. The switch can adjust the 
brightness of fluorescence images. 

(4) An image intensifier controller (Pentax 
SAFE- 1000c) which 



- processes fluorescence images (frame 
average addition of two-frame, four- 
frame, eight-frame or live image with 
the recursive filter); 

- changes the monochrome fluorescence 
signal to the G signal; 

- adjusts the brightness and contrast of the 
fluorescence images. 

(5) Peripherals 

- a monitor; 

- a video cassette recorder; 

- a video printer. 

3.2. Operation 

(2) Conventional Endoscopy 

By setting the changeover switch on the camera box 
to "NORMAL", conventional endoscopic proce- 
dure can be performed. The 75 W xenon lamp in the 




FIGURE 3 Penlax SAFE-1000. 
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FIGURE 4 The optical system of endoscopic autofluorescence imaging. 



light source emits white light. Infrared Ught is 
eliminated by the infrared (IR) cut filter. Bypassing 
the EX filter, white light is transmitted via a light 
guide to the target area. Images obtained with an 
objective lens are transmitted via a fiberoptic image 
guide back to the eyepiece of the endoscope and 
guided through the prism to endoscopic TV camera. 

(2) Autofluorescence Endoscopy 

By setting the changeover switch on the camera box 
to "AUTO FL", an autofluorescence endoscopic 
procedure can be performed (Fig. 4). The white light 
from the 75 W xenon lamp is passed by the IR cut 
filter and then by the EX filter which specifically 
passes 420-450 nm excitation light. The excitation 
light is then transmitted via a light guide to the tar- 
get area. 

Images obtained with an objective lens are trans- 
mitted via a fiberoptic image guide back to the 
eyepiece of the endoscope and guided through the 
prism to the FL filter which specifically passes 490- 
590 nm fluorescence signal. The selected signal is 
then amplified by the image intensifier thousands of 
times, and by means of a video camera, appears 



as fluorescent images on the monitor. Normal 
mucosa emitting autofluorescence appears green 
on the monitor, while abnormal mucosa shows a 
dark image caused by the lack of autofluorescence, 
which allows for easier recognition of carcinoma 
in situ [1 1]. 



without using any 



(3) Features 

~ Fluorescence observation 
photosensitizers; 

- Detection of early cancers not superficially 
visible; 

- Safer and less expensive without using lasers; 

- Possible to use conventional endoscopes; 

- A compact and space-saving system; 

- Easy to changeover between conventional and 
fluorescent images, which enables moreaccurate 
diagnosis. 

4. CONCLUSION 

The autofluorescence endoscope imaging system, 
Pentax SAFE- 1000, should aid physicians in the 
ability to recognize areas of early cancer and 
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squamous metaplasia and in the detection of 
precancerous lesions which cannot be identified by 
conventional endoscopy. Compared to other fluo- 
rescence techniques requiring photosensitizers, this 
method is more appealing to and less traumatic for 
patients. 
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Abstract 



The conventional method of bronchoscopy has only a 30% sensitivity to detect early stage cancer in the central 
airways. For patients with positive sputiun cytology who clearly harbor early cancers, repeat and lengthy sessions of 
bronchoscopies are required for accurate localization of these lesions. This leads to a significant delay in obtaining the 
diagnosis, postponing an appropriate treatment and reduces the chance for cure. There are valid reasons for 
improving the detection rate of early stage lung cancers. The number of individuals at risk forms a large population 
the outcome of patients treated with early stage cancer has been shown to be better and bronchoscopic treatments' 
e.g. photodynamic therapy and electrocautery, are currently alternatives for surgical resection. Finding more early 
stage cancers by screening the population at risk and accurate staging to enable treatment at the earliest stage feasible 
may unprove the dismal prognosis of many patients. This article deals with the clinical background and current 
problems in early detection of lung cancer and discusses our expectations regarding new developments in bron- 
choscopy for early detection, accurate staging and treatment of lung cancer. © 2001 Elsevier Science Ireland Ltd All 
rights reserved. 
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1. Introduction 

Lung cancer is a global epidemic and number 
one killer among all cancers. Morbidity is high 
and cure rate is only 13%. Many limg cancer 
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patients are diagnosed in a relatively advanced 
stage, precluding radical resection [1]. Surgery 
provides the best chance for cure if the tumor can 
be radically resected and when no lymph node or 
distant metastases is present. In only 25% of the 
population can the tumor be resected and half are 
ultimately cured. Even after curative treatment of 
their primaries, patients remain at risk for local 
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recurrence, distant metastasis and subsequent pri- 
maries [2]. Treatment modalities, such as cis- 
platin-based chemotherapy and radiotherapy for 
unresectable Ixmg cancer, are becoming part of the 
treatment strategy, achieving significant improve- 
ment of quaUty of life, longer median sixrvival 
time and higher survival rate, if compared to 
palUative care alone [3,4]. Gene susceptibility for 
both smoking and developing hmg cancer make 
the management of the target population quite 
complex [5,6]. Many lung cancer patients also 
suffer from smoking related diseases, such as 
COPD and their cardiovascular status is often 
poor. Reduced physical fitness hamper our abili- 
ties to apply the best treatment strategies because 
of treatment related morbidity. Smoking and can- 
cer susceptibility of the individuals at risk also 
explains why, after previous curative treatment of 
cancer primaries in the aero-digestive tract, many 
remain at risk of developing subsequent primaries 
[7]. The rate of second primary cancer after a 
non-small cell lung cancer is in the order of 
1-4%. EarUer study has shown a cumulative inci- 
dence for second primary lung cancer of 4% per 
year [8]. 

Invasive squamous cell cancer in the central 
airways gradually develops from normal mucosa 
and may be multifocal, the so-called field cancer- 
ization [9]. Research to reverse gradual progres- 
sion of normal tissue towards cancer, e.g. 
chemoprevention studies and gene therapy, is cur- 
rently one of the major activities in medical oncol- 
ogy [10,11]. Inhaled carcinogens may cause 
cumulative genetic damage to the entire mucosa 
of smokers and ex-smokers. Genetic abnormah- 
ties gradually develop until morphological 
changes, such as dysplasia and carcinoma In situ, 
become morphologically apparent [12-14]. 
Patches containing 200-400 cell clones have re- 
cently been found to harbor early molecular 
changes similar to those seen in tumor cells [15]. 
Various molecular damage may indicate hetero- 
geneity in the pathways of development towards 
cancer of multiple cells' clones in the bronchial 
mucosa. The finding that these clonal patches may 
only contain 90,000 cells makes it qixite obvious 
that conventional diagnostic methods, such as 
chest X-rays, CT scan and bronchoscopy, cannot 



be regarded as promising tools and are therefore 
inappropriate for early detection. These clones are 
far below the detection threshold of conventional 
diagnostic tests. It is therefore important to de- 
velop more sensitive and accurate diagnostic 
methods that can be appUed in the target group 
for the detection of early stage lesions. 

Surgical resection is proven to provide the best 
chance for cure. However, it is not always feasible 
because of the relative wasteful method of resec- 
tion of healthy lung parenchyma. Many patients 
have limited pulmonary function suffering from 
COPD [6]. As parenchyma sparing techniques, 
such as siu^gical bronchoplasty and video-assisted 
thoracoscopic surgery, require cUnical expertise, 
there will always be a need for less morbid alter- 
natives for the standard surgical approach [16]. In 
early stage cancer of the central airways, fluores- 
cence system has been shown to increase the yield 
of finding pre-invasive lesions [17,18]. Central and 
proximal airway branches can be inspected with 
the fiberoptic bronchoscope during the conven- 
tional white light bronchoscopy and the addi- 
tional use of the fluorescence imaging equipment 
has been shown to be feasible in clinical practice. 
Tumor margins are clearly visible and taking 
biopsy specimens becomes more precise. Tech- 
niques, such as thermal lasers, high frequency 
electrocautery, photodynamic therapy, cryother- 
apy and brachytherapy, can then be applied in a 
more accurate manner [16,19]. Further study is 
needed to look for the most optimal method of 
fluorescence detection. The development of vari- 
ous imaging systems for optical biopsy may help 
us to understand carcinogenesis without the ne- 
cessity to biopsy and thus, affect the natural 
history of disease [20]. 

Early diagnosis is aimed to find cancer at the 
earUest stage before patients become symp- 
tomatic. Hence, treatment of patients with occult 
cancer should not cause too much morbidity dete- 
riorating quality of Ufe. Many patients with early 
stage cancer can greatly benefit from less invasive 
and morbid treatment approaches, which offer a 
better quality of life. Less invasive diagnostic and 
therapeutic methods are indispensable elements 
for success in a lung cancer' screening program 
and increase the value of early detection. 
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2. The need for fluorescence bronchoscopy 

Woolner et al. showed that the finding rate of 
carcinoma in situ in patients with positive sputum 
cytology is only 29% [8]. Two-thirds of these 
'radiographically occult' cancers are indeed only a 
few millimeters thick. The conventional method 
of white Ught bronchoscopy relies on the visual 
judgement of the bronchoscopist [21]. Expertise is 
important for the correct judgement of these 
minute lesions. Mucosal thickening, sweUing, 
granularity, nodules and polyps are quite obvious. 
However, redness, paleness, lack of luster, vascu- 
lar engorgement, disruption of mucosal folds, loss 
of clarity, edematous change, small vesicles, tiny 
necrotic material and the fact that the suspicious 
area easily bleeds are sometimes too subtle foi" 
easy recognition. The bronchoscope should be 
maneuvered elegantly without bruising the 
bronchial mucosa. The accessibility of the entire 
bronchial tree is also limited by the size of the 
bronchoscope [22]. Regions distal to the segmen- 
tal bronchi are more difficult to examine. It is 
understandable that minute lesions that are 
smaller than the size of the flexible biopsy forceps 
are easily missed. The individuals at risk may also 
suffer from bronchitis, whose bronchial mucosa is 
often inflamed, swollen and easily bruised during 
bronchoscopy. To differentiate normal from sus- 
picious lesion may be quite difficult. Timior may 
also infiltrate beneath the mucosa and abnormal 
tissue may be present as skipping lesions. Sam- 
pling error in taking biopsy for histology exami- 
nation can thus lead to a false negative result, 
requiring repeat and lengthy examinations for 
accurate staging. 

Sato et al. have shown the difficxilty in detecting 
and localizing carcinoma in situ with the conven- 
tional white hght bronchoscopy [23]. In 180 pa- 
tients with 200 occult cancers, 527 bronchoscopic 
sessions were needed to confirm the diagnosis. An 
average of three lengthy sessions per patient up to 
45 min was required. Brxishing all segments to 
collect representative samples was performed, 
while 175 lesions were located proximal to the 
sub-segmental bronchi within the visible range of 
the bronchoscope. 'False negative' findings led to 
an average delay of 29.2 months until the definite 



diagnosis could be made and the exact location of 
early stage cancer was pinpointed. Another study 
showed that in 61% of the cases, the first attempt 
of white Ught bronchoscopy was successful [24]. 
Fortunately, 44 out of the 51 (88%) limg cancers 
were still found to be early stage. It is obvious 
that despite some expertise, tedious examinations 
are generally required to \iltimately locate all pre- 
neoplastic lesions in the individuals at risk. A 
screening study as part of the daily clinical routine 
in a large population, based on these consider- 
ations will not be feasible. 

It is also generally accepted that microscopic 
examination by the pathologists using the WHO- 
criteria is the gold standard [25]. However, signifi- 
cant disagreement between pathologists does 
exist. Even among experienced pathologists, full 
agreement of classifying malignant bronchial 
biopsy specimens is lacking. Sub-classification of 
non-small cell carcinoma using the standard 
WHO-classification showed a a: of 0.25. Intra-in- 
dividual and inter-individual variability in classi- 
fying pre-neoplastic lesions does exist [26]. Recent 
data showed that specimens that were histologi- 
cally classified as normal, do contain early molec- 
ular changes [12-1 5]. Quantitative image 
cytometry and molecular biological studies have 
revealed changes that are beyond the detection 
threshold of the pathologists [27-29], 

In 1924, Policard reported that sarcoma 
fluoresces red when illuminated with Wood's light 
[30]. Ever since, more selective tumor diagnostic 
methods have been developed. Photodynamic 
therapy has emerged as a 'selective' tumor therapy 
[31]. Fluorescence imaging technique for the de- 
tection of early stage lung cancer is based on the 
physics of photon tissue interaction [32]. The opti- 
cal characteristics of tissue, such as absorption 
coefficient, scattering, anisotropic factor, the pres- 
ence of fluorophores and the kinetics of photosen- 
sitizers, have been extensively investigated to 
develop *timior selective' imaging methods [33]. 
Spectral imaging techniques exploited the differ- 
ent emission spectra of txunor tissue compared to 
normal tissue. The presence of endogenous 
fluorophores in tissue is the basis of autofluores- 
cence imaging [17,18,32]. Drug-induced fluores- 
cence detection, by adding exogenous 
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photosensitizers to the neoplastic tissue, is aimed 
at enhancing contrast [34]. The lack of drug selec- 
tivity, complex pharmacokinetics and the fact that 
some sensitizers may cause skin photosensitivity, 
make the clinical application of drug induced 
fluorescence more complex. Spectroscopic images 
obtain the entire spectral images of the target 
tissue within a wavelength of interest. Optical 
coherence tomography recording two-dimensional 
images of the target tissue at one specific wave- 
length is ctirrently under full investigation, as well 
as micro-confocal optical scanning microscopy to 
study carcinogenesis at the cellular level [35,36] 
1^ The autofluorescence technique for the lung, 
the LIFE® system (XiUix®, Vancouver, BC, 
Canada), uses a Heliimi-Cadmium laser for exci- 
tation at >l = 442 nm [17,32]. The emission spec- 
trum is captiu-ed by two CCD cameras and 
processed through a fluorescence collection sensor 
and an optical multi-channel analyzer. Real time 
digitized images are acquired by the ratios of red 
to green {X = 630 to 520 nm) fluorescence emis- 
sions, also for correction of the distance during 
bronchoscopic examinations to compensate move- 
ments due to breathing and cough. Special al- 
gorithms are based on data of in vivo and in vitro 
analysis and Monte-Carlo simulation modeling 
[32]. Digitized images reflect the in vivo fluores- 
cence signals of the bronchial mucosa, exploiting 
differences in autofluorescence spectra between 
the suspicious area (moderate dysplasia, severe 
dysplasia, carcinoma in situ, early stage cancer) 
and normal tissue. During LIFE examination, the 
suspicious area appears red-brownish, while nor- 
mal mucosa appears as green. The D-light system 
(Storz®, Tiittlingen-Germany), uses non-coherent 
ultraviolet to blue {X = 380-460 nm) Ughf to ex- 
cite a broad emission spectra of the different 
chromophores in tissue [34]. A 300-W Xenon 
filtered lamp is used. At the tip of the broncho- 
scope, ±80 mW is emitted (versus 10-20 mW 
monochromatic light X = 442 nm of the LIFE 
system). In combination with some reflectance of 
blue hftht from the tissue, the D-hght produces 
bluish images for normal areas and darkened 
images in case of mahgnancies. 

Recently, the SAFE** 1000 autofluorescence 
system (Pentax®, Asahi Optical Tokyo, Japan) 



has also become conunercially available [37]. Ex- 
citation uses a Xenon-lamp {X = 420-480 nm) and 
the camera contains a fluorescence filter as well as 
an image intensifier. 

It is also possible to add photosensitizers, such 
as porphyrin derivatives, to enhance image con- 
trast of the target tissue [34]. Based on the relative 
selectivity of the photosensitizing agents for ab- 
normal tissue, high power photons' excitation and 
higher photon yield due to greater emission may 
abolish the need for expensive laser light excita- 
tion and the use of CCD cameras. 

Fluorescence imaging method has been shown 
in two large multicenter trials, in which large 
numbers of individuals have been studied with 
review of histology specimens, to be more sensi- 
tive than conventional bronchoscopy alone to de- 
tect pre-neoplastic lesions [38,39]. Recent data 
indicate that the increased sensitivity of using the 
fluorescence technique is not biased by the se- 
quence of examinations, either using the conven- 
tional or the fluorescence equipment first [40]. 
Fluorescence bronchoscopy therefore provides us 
with an important tool to assist the broncho- 
scopist, in addition to the conventional method 
for imaging early stage cancers. Biopsy can be 
performed with more precision reducing errors in 
sampling representative specimens. 

3. Which system do we need to improve the 
detection rate of early lung cancers? 

An imaging system should be practical for use 
on a daily basis for the purpose of screening, 
either alone or in combination with routine diag- 
nostic procedures, such as white fight bron- 
choscopy. Especially for a lung cancer screening 
program, due to the large number of individuals, 
a versatile, non-expensive and accurate diagnostic 
tool is absolutely necessary. Experiences in using 
the LIFE system showed that the additional pro- 
cedure extended the routine white light examina- 
tion by 15 min [41]. It can be performed on an 
outpatient basis under local anesthesia. However, 
diagnostic bronchoscopy in itself is not a screen- 
ing tool. Bronchoscopy is performed as a diagnos- 
tic procedure and as part of the tvmior staging 
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process. Therefore, fluorescence bronchoscopy is 
ciirrently used as an addition to improve staging 
of intraluminal txxmor [42]. It remains to be seen 
whether its ability to detect 'invisible' early stage 
cancers can justify a more liberal approach for 
screening at large. 

Diagnostic accuracy, however, shoxild not rely 
on the high sensitivity rate alone. Especially in the 
lung cancer population, 90% of the individuals at 
risk will not develop cancer and 96% of those 
after previous treatment of a cancer primary will 
not develop subsequent tumors. Initial screening 
should first exclude those who are not at risk. 
Hence, the cxurent interest in early biological 
markers, serum markers and sputum cytology 
screening [12-15,33]. By excluding the majority of 
individuals who are not at risk at the first pass, 
additional and follow-up investigations can then 
be concerted on the cohort of patients who are 
really at greatest risk- 
Moreover, sensitivity of a technique is a relative 
issue. True positive findings can only be related to 
the total positive lesions that were sampled, as it 
is impossible to excise the entire tracheobronchial 
mucosa to find all pre-neoplastic lesions, except in 
the case of a post-mortem study [43,44]. 

The classical study performed by Auerbach in 
1961 was aimed to investigate the relation of 
smoking to changes in bronchial epithehum. Step 
sections of the entire tracheobronchial tree of 402 
male patients had been carried out, up to 208 
sections per individual. The true presence of espe- 
cially carcinoma in situ had been established and 
was strongly related to the smoking behavior and 
related to the presence of lung cancer. A meticu- 
lous analysis was performed on the average of 
46.4 sections' materials per limg cancer' patient 
and 52.3 sections per subject without lung cancer. 
The magnitude of this study can never be com- 
pared with an auto-fluorescence bronchoscopy 
study. Early primary invasive carcinomas were 
foimd in 23 of the 956 sections showing atypical 
cells in the entire specimen, compatible with car- 
cinoma in situ (CIS). These CIS lesions had an 
average depth of about five cells (4-38 cells). In 
early primary invasive carcinoma, 61% of the 
lesions had depth abnormalities of greater than or 
equal to six cells' layer. So, these lesions are 



indeed only a few cell layers thick. These findings 
are in accordance with other studies, [8,9,43-48], 
indicating the importance of detecting micro-inva- 
sive cancer at the earhest stage possible, thereby 
improving the chance for cure if treated. Non- 
smokers did not harbor any carcinoma in situ 
[43,44]. The incidence of carcinoma in situ is 
correlated to the mmiber of cigarette packs 
smoked. CIS was found in 75% (27/36) of the 
subjects who smoked greater than or equal to two 
packs per day and 83% (52/63) in Ivmg cancer 
subjects. Percentage of sections found with CIS 
was proportionally related to the smoking habit 
and strongly supports field cancerization. Subjects 
also had increased nxmiber of sections with CIS 
depending on their smoking habit, 1 1 .4% in those 
who smoked greater than or equal to two packs 
per day and 15% in the cohort of patients who 
died of limg cancer. In a later study, Auerbach 
reported a significant decrease of the percentage 
of abnormalities foxmd, showing a much lower 
rate of abnormalities [44]. In heavy smokers who 
died in the period 1970-1977, the rate was found 
to drop from 22,5 to 2.2%. 

Interestingly, the risk of developing second pri- 
mary has been recently reported to be 1-4% after 
previous non-small cell cancer primaries [7,8]. The 
natural history of CIS and its rate of progression 
to micro-invasive carcinoma have recently been 
reported [48,49]. We performed a follow-up study 
in patients with CIS to study the natural history 
of disease [48]. A panel of pathologists has confi- 
rmed the presence of CIS in the initial biopsy 
specimens. A wait and see poUcy has been 
adopted and repeated bronchoscopy every 3-4 
months was performed. Patients were not treated 
imtil progression to invasive carcinoma was docu- 
mented, or worsening of the macroscopic appear- 
ance diwing white fight and autofluorescence 
bronchoscopy was documented. Current data in- 
dicate that all but one lesion progressed to mi- 
croinvasive cancers and the last patient was also 
treated because of the progression of the broncho- 
scopic appearance. The rate of progression to 
invasive cancer is higher than the 23% progression 
rate previously reported at 3 months follow-up by 
another group [49]. In our study, mechanical 
biopsy was imUkely to cause ' spontaneous regres- 
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sion', as the pathologists confirmed that CIS was 
seen up to the margin of the biopsy specimens. 
The high rate of CIS in the study of Auerbach 
and the high rate of progression in our study are 
intriguing nxmibers and seem not to reflect the 
epidemiological data. One may then expect a 
much higher rate of primaries 15% of heavy 
smokers) and second primaries (1-4%) in the 
target population, if CIS is a one way process 
towards invasive cancer. It is possible that many 
CIS reported before, in the absence of any meticu- 
lous review by a panel of expert pathologists, are 
not 'true CIS' because of the lack of a gold 
standard [26]. Therefore, 'misclassification' of pre- 
neoplastic lesions as CIS may explain the dis- 
crepancies of the rate of progression and 
'spontaneous regression' in many previously pub- 
lished studies. Only additional longitudinal stud- 
ies together with molecxilar biology markers may 
provide the definite answer of how the natural 
history of disease really is. It is also possible that 
the quite advanced age of the individuals at risk, 
who are found with CIS, may not allow us to 
study the rate of progression because many of 
them will 'prematurely' die because of non-cancer 
related diseases, preventing invasive cancers to be 
clinically significant. 

Inclusion criteria of the population studied, e.g. 
male -female ratio, smoking status, the numbers 
of biopsies taken, sampUng errors and the lack a 
gold standard for histology, are important factors 
to be taken into account in analyzing and com- 
paring sensitivity, specificity and accuracy of sev- 
eral fluorescence detection and screening 
programs [50]. 

So far, the LIFE-programs have included the 
largest number of individuals and lesions^investi- 
gated [38-40]. Based on the two large multicenter 
trials, with mandatory review of the histology 
specimens by expert pathologists, the use of the 
LIFE systems was shown to significantly increase 
the sensitivity of detecting neoplastic lesions, e.g. 
moderate dysplasia, severe dysplasia and CIS 
[38,39]. 

Data from our own institution have been ana- 
lyzed in more details [41]. A learning period in 
using the LIFE® system is shown in Table 1. 
Inconsistent histology classifications of the speci- 



Table I 

The learning curve in Academic Hospital Vrije Universiteit of 
autofluorescence bronchoscopy with the LIFE system for early 
detection of pre-neoplastic lesions 





Patients no. 


Patients no. 




1-48 


49-95 


Sensitivity (%) 


67 (8/12) 


86 (24/28) 


Specificity (%) 


67 (82/123) 


7! (112/158) 


Positive predictive 


16 (8/49) 


34 (24/70) 


value (%) 






Negative predictive 


95 (82/86) 


97 (112/116) 


value (%) 







Specimens were reviewed for histology classifications of mod- 
erate, severe dysplasia and CIS by a panel of two expert 
pathologists. 



mens were striking (Table 2). There was a r: of 
0.548 between the panel of two expert patholo- 
gists involved in the early detection program and 
the staff pathologist [26]. The agreement regard- 
ing moderate dysplasia was much worse, with a k 
of 0.02. 

Our follow-up study also indicates that the 
LIFE® system may detect lesions that ultimately 
progress, morphologically, questioning the value 
of the initial definition 'false positives' [48]. In the 
past, computer image cytometry analysis and im- 
munostaining with hnRNP have also been shown 
to provide a much better positive predictive value 
than conventional cytology [27-29]. Our longitu- 
dinal study underscores the need for molecular 

Table 2 

Comparison of the initial histology classification of carcinoma 
in situ (CIS) lesions by a staff pathologist versus the definite 
classification by a panel of two expert pathologists involved in 
the multicenter trial 





Panel positive 


Panel normal 


Total 


Staff 


20 


25 


45 


pathologist 








positive 








Staff 


3 


295 


298 


pathologist 








normal 








Total 


23 


320 


343 



A K of 0.548 for CIS was found, (the k for moderate dysplasia 
was 0.02!). 
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Table 3 



Examples of longitudinal follow-up biopsies of two locations after the initial *false positive' fluorescence 



Months 


6 


7 


10 


16 


20 


WLB 


N 


N 


S 


N 


N 


AB 


N 


S 


N 


S 


S 


Histology 


Normal 


Normal 


Severe dysplasia 


Normal 


Carcinoma 


Months 


14 


18 


21 


24 


31 


WLB 


N 


N 


N 


S 


N 


AB 


S 


S 


S 


N 


S 


Histology 


Inflammation 


Hyperplasia 


Normal 


Not sufficient 


Severe dysplasia/CIS 



Lesions ultimately progress to a more invasive stage and conventional histology seemed to Mag* 13 and 16 months, respectively. 
WLB, while light bronchoscopy; AB, auto fluorescence bronchoscopy; N, normal; S, suspicious for pre-malignancy. 



markers in studying carcinogenesis. The specimens 
initially classified as normal ('false positive' fluores- 
cence) became malignant after 13 and 17 months 
follow-up (see Table 3). Recent data by Park et al. 
showed molecular abnormalities to be quite exten- 
sive and multifocal in histologically normal 
bronchial specimens [15]. In 68% (13/19) of the 
patients, the specimens showed at least one abnor- 
mal focus among the seven chromosomal regions 
analyzed. Heterogeneity was seen in the changes of 
the molecular pattern and these were not necessar- 
ily identical with those foimd in tumor clones, A 
more homogeneous allele specific loss was found in 
materials sampled with the LIFE® system in their 
previous study. This may suggest that abnormal 
fluorescence characteristics may represent a more 
maUgnant cohort of lesions, than in samples col- 
lected by random biopsy alone. Unfortunately, 
clonal patches removed by bronchoscopic biopsy 
were quite small, < 1.5 mm in diameter [45]. 
Bronchoscopic biopsy may result in complete re- 
moval of the lesions. About 50% of these patches 
were found to be smaUer than the size of the flexible 
biopsy forceps. Twenty-seven of the 69 paired 
biopsies obtained at 6-months intervals showed one 
or more molecular changes in the initial biopsies. 
However, 86% had no abnormaUty after re-biopsy 
and 24% lacked the initial changes found after 
re-biopsy. Sequential biopsies may therefore radi- 
cally resect the majority of these ceU clones, a 
bystander curative effect. So, the natural history of 
these lesions cannot be properly studied because of 
the 'curative diagnostic' biopsies. 



The lack of understanding in carcinogenesis and 
the lack of gold standard for histology classification 
of pre-neoplastic lesions are important drawbacks. 
We do not know whether 'dysplastic' lesions and 
early molecular changes are expressions of an 
irreversible development towards cancer [51]. We 
still do not have full understanding of the correla- 
tion between fluorescence characteristics, morphol- 
ogy and molecular changes. False negative 
fluorescence rate is found to be in the order of 
15-20%, again based on current histology classifi- 
cation being the gold standard. Current data can- 
not tell how clinically important 'positive 
fluorescence' findings are. Do they represent non- 
specific changes, e.g. inflammation? What is the 
clinical impact of squamous metaplasia? Does 
fluorescence imaging miss a proportion of pre-neo- 
plasia that may become malignant? Or are these 
lesions representing non-specific 'non-malignant' 
clones? What is the dynamism of bronchial mucosa 
when continuously exposed to irritants during fife? 
How different are these changes biologically from 
carcinogenesis? The 50% rate of complete removal 
by biopsy may hamper any longitudinal study on 
carcinogenesis. Optical coherence tomography and 
endoscopic microconfocal scanning microscopy 
may allow us to study the natural history without 
the necessity for taking biopsy [46,50]. However, 
before the value of 'optical biopsy' can be defined, 
long-term clinical and molecular studies should be 
conducted and longitudinal tissue sampling re- 
mains necessary. 
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We have calcxilated the cost of LIFE-bron- 
choscopy in finding pre-neoplastic lesions. In the 
first period of our prevalence study, 113 patients 
at risk were recruited. The tariff of white hght 
bronchoscopy in the Netherlands is Euro 81,- We 
have performed 209 sessions to detect 101 moder- 
ate, severe dysplasias and one CIS. The LIFE-sys- 
tem found 21 additional lesions at the cost of 
Euro 814,- per lesion. The importance of these 
lesions in the ultimate management of the patients 
with early stage cancers can only be answered 
after longer follow-up. 

Despite one negative study [52], a significant 
increase in sensitivities of fluorescence technique 
for detecting pre-neoplastic lesions have been re- 
ported [38,39]. Possible biases due to the sequence 
of bronchoscopic examinations and the expertise 
of the individual bronchoscopist, have recently 
been ruled out [40]. 

Tables 4 and 5 compiled some data regarding 
studies with large number of individuals studied 
and comparison of available data using several 
fluorescence imaging systems. The different sensi- 
tivity rates of the white light bronchoscopy from 
different centers may also indicate differences in 
the populations studied and differences in bron- 
choscopists' 'visual threshold' [50,53]. Thousands 
of biopsies are needed, as only a limited percent- 
age of these lesions are pre-neoplastic. Only large 
numbers of biopsy can provide us with the 'true 
denominator' to calculate absolute sensitivity, 
specificity and accuracy. The lengthy process of 
carcinogenesis also requires long follow-up and 
not prevalence studies. 



4. What can be expected from current data about 
the future of fluorescence. bronchoscopy in a lung 
cancer screening study? 

Bronchoscopists clearly need assistance to accu- 
rately localize minute pre-invasive lesions [21,23]. 
Finding CIS which progress to microinvasive car- 
cinoma can timely allow the bronchoscopist to 
cure patients by applying effective local treatment, 
such as electrocautery or photodynamic therapy 
[54,55]. Early stage squamous cell cancer < 1 cm 
in diameter and < 3 mm deep is NO cancer and 
can be cured with bronchoscopic treatment as an 
alternative for siurgical resection [16,46,47,62]. 
This is justified, as the size of 'early stage' cancer 
is the most important determinant of 'cure' using 
any intralxmmial bronchoscopic technique. Cau- 
tion remains necessary because tumor staging by 
bronchoscopy is relatively inaccurate, if compared 
to surgical exploration and resection. The use of 
high resolution CT, fluorescence bronchoscopy 
and endobronchial ultrasoimd have been reported 
to improve staging's accuracy [42,56,57]. 

There is a resurgence of interest in lung cancer 
screening by sputum cytology, chest X-rays or low 
dose spiral CT [58-60]. Stage migration may re- 
sult in a higher cure rate because more patients 
will be saved by surgical resection, video-assisted 
thoracoscopic surgery and bronchoscopic treat- 
ments. The ultimate yield of screening, however, 
will strongly depend on the population studied. 
The cohort of patients at risk of developing cen- 
trally located squamous cell cancer and peripheral 
adenocarcinoma may differ from one country to 



Table 4 

Compiled data for the sensitivity rate of previous studies using autofluorescence LIFE system for early detection 

Routine bronchoscopy LIFE bronchoscopy Routine and LIFE 

Lam et al. 1993 [18] 48 72 

Lam et al. 1994 39 79 84 

Ikeda et al. 1997 36 96 100 

Nakhosteen et al. 1997 41 94 

Lam et al. 1998 [38] 9 56 

Venmans et al. 1998 59 80 85 



Studies with more than 100 high risk patients were included. Full references upon request. 
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Table 5 

Sensitivity rates and positive findings for moderate, severe dysplasia and carcinoma in situ of the different autofluorescence systems: 
LIFE, D-light and SAFE 



System {n biopsies) 


Routine white light 


Autofluorescence system 


% Positive 


LIFE Xillix (4173) 


40 


86 


15.2 


D-Iight Storz (771) 


25 


83 


3,2 


Safe Pen tax (157) 


21 


79 


3.2 



Differences may reflect differences in: the populations studied, e.g. male:female ratios, smoking index, i.e. definition of *at risk', 
'visual threshold* of the bronchoscopists, numbers of biopsies taken, sampling biopsy errors, inconsistencies of histology classifica- 
tions. Special references with regard to this table, except the last two references: 

• Lam et al., [18,38]; 

• Thiberille et al., [39]; 

• Khanavkar et al. Basic principles of LIFE autofluorescence bronchoscopy. Results of 194 examinations in comparison with 
standard procedures for early detection of bronchial carcinoma - Overview [in German] Pneumologie 1998;52:71-76; 

• Vermijlen et al. Detection of preneoplastic lesions with fluorescence bronchoscopy (FB) ERS Berlin meeting 1997: Suppl. Abstract 
no. 2741 pp 425S; 

• Venmans et al. ref. no. 57 and Early detection of preinvasive lesions in high risk patients. A comparison of conventional flexible 
and fluorescence bronchoscopy J Bronchology 1998;5:280-283; 

• Yokomise et al. Clinical experience with lung imaging fluorescence endoscope(LIFE) in patients with lung cancer. J Bronchology 
1997;4:205-208; 

• Ikeda et al. Early localization of bronchogenic cancerous / precancerous lesions with lung imaging fluorescence endoscope. Diagn 
Ther Endosc 1997;3:197-201; 

• Haussinger et al. Autofluorescence detection of bronchial tumors with the D-Light/AF. Diagn Ther Endosc 1999;5:105-112 
[D-Light Storz® system]; 

• Kakihana M et al. Early detection of bronchial lesions using system of autofluorescnece endoscopy (SAFE) 1000. Diagn Ther 
Endosc 1999;5:99-104 [SAFE 1000 Pentax® System]. 



another. The issue of quality of Ufe has to be 
considered in the survivors. There is a significant 
shift in Ixmg cancer incidence towards adenocar- 
cinoma in many coimtries, justifying the use of 
low dose spiral CT. Kaneko et al. showed that 
14/15 adenocarcinoma foimd were Stage I [59]. 
However, the detection rate for peripheral lung 
cancer by low-dose spiral CT was 0.43%, as 3457 
examinations had been performed in the popula- 
tion at risk. One has to take into account the 
social, economical and psychological impact of 
false positives and also the ultimate effect of 
'overdiagnosis' bias [61]. This may end in treating 
cancer that is not going to be clinically important 
nor causing any morbidity to the individual at 
risk. 

Fluorescence bronchoscopy can play a signifi- 
cant role if squamous cell cancer is still an impor- 
tant cohort in a lung cancer population. This may 
translate in finding more central early stage le- 
sions that are amenable for bronchoscopic treat- 
ment as an alternative for surgery. 



Recently, the impact of screening has been re- 
ported by Koike et al. [53]. Stage migration was 
achieved for Stage I cases from 55.1 to 59.6%. 
There is a marked increase in finding of X-ray 
negative hilar 'occult' cancers, from 0 to 40 cases. 
Thirty-three patients were cured (82.5% cvire rate). 
Fluorescence bronchoscopy can be adopted to 
find these lesions at the earliest stage possible, 
allowing patients to be treated with curative in- 
tent, e.g. with electrocautery or photodynamic 
therapy. 

Therefore, if a larger cohort of squamous cell 
cancer exists, more benefit can be expected from 
sputum cytology screening and autofluorescence 
bronchoscopy. In the Netherlands for example, 
squamous cell type comprises ± 35% of all Ivmg 
cancer. If all early stage squamous cancers can be 
detected and treated on time, a cure rate of 82.5% 
may improve total cxure rate from < 13% to ± 
29%. However, a compUance rate of 75% was 
recently reported, which may reduce the efficacy 
of screening to a cure rate of <21.6% [61]. So, 
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there is not much room for complacency in 
screening the population at risk. All available 
means and methods shoxild be diligently and effi- 
ciently apphed to reduce limg cancer mortality 
and to provide survivors with good quality of life. 
One may expect that the autofluorescence tech- 
nique together with other techniques can improve 
treatment efficacy as well in using photodynamic 
therapy, lasers or electrocautery [42,56]. Whether 
drug induced fluorescence can improve the ± 85% 
relative sensitivity rate significantly, remains to be 
seen. One has to consider the practical aspects of 
increased costs and time in a large population 
study, the burden of skin photosensitivity and the 
issue of poor selectivity of photosensitizer 
molecules. Efforts should focus on changing the 
mortal attitude towards smoking and to coimter 
the fataUstic attitude of physicians and patients 
about early detection and treatment of lung can- 
cer [6]. 



5. Summary 

Fluorescence bronchoscopy significantly in- 
creases the finding rate of pre-neoplastic lesions 
and has helped us to better imderstand carcino- 
genesis. The exact benefit for patient management 
is not yet clear because carcinogenesis is a com- 
plex phenomenon. Current criteria of histology 
classifications cannot be reUably used for staging 
early stage lesions. Therefore, we cannot ascertain 
the clinical impact of early detection with fluores- 
cence bronchoscopy today. Dr Slaughter wrote in 
1953: 'detailed knowledge of the natural history 
of this disease is of some importance'. At the 
brink of the new millenimn, we still do not' imder- 
stand why only some individuals develop lung 
cancer and who is really at risk among the so 
many smokers and ex-smokers. Longitudinal 
study of the individuals at risk and knowledge 
about the dynamic changes of the bronchial mu- 
cosa are necessary before any definite conclusion 
can be drawn. Suffice to say that fluorescence 
bronchoscopy has helped us to detect what was 
previously 'invisible'. Having less ability before to 
look for early stage lesions systemically, we cur- 
rently do not know how to interpret this paradox 



of finding dysplastic lesions. Due to the lack of 
knowledge about carcinogenesis and the lack of 
gold standard in histology classifications, a cau- 
tious approach regarding early intervention for 
patients with pre-neoplastic lesions is necessary. 
Sputum cytology screening with molecular biol- 
ogy analysis and other avenues should be ex- 
plored towards developing less invasive 
procedures for screening the population at risk. In 
combination with less morbid treatment ap- 
proaches, intervention at the earUest stage possi- 
ble may guarantee better quahty of life and 
improve the impact of lung cancer screening. 
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[Lung autofluorescence. Preliminary study of two systems without 
laser illumination or photosensitization] 



[Article in French] 



ttult M . N guyen Bich N . 



Centre Hospitalier Specialise en Pneumologie, 24, rue Albert Thuret, 94669 Chevilly- 
Larue. 

When illuminated vnth a certain wavelength, lung tissue emits a weak fluorescence. 
The fluorescence from normal tissue is different from that from diseased tissue. This 
technique can thus be used for early diagnosis of precancerous lesions. Technical 
manipulations are required to amplify the fluorescence signal. Numerous studies have 
used the LIFE (Lung Imaging Fluorescent Endoscope) to study lung diseases. This 
system of detection uses a laser helium-cadmium excitation source; the principal 
photosensitizing agents are hematoporphyrin derivatives. The cost, bulldness and 
secondary effects have limited diffusion of this type of photodynamic diagnostic 
system. We have used^ systems (SAFE 1000 Pentax and D-LIGHT Storz) 
successively in a prospective study to analyze autofluorescence of lung tissue without 
laser illumination or photosensitization . Fifty-four patients were selected for their risk 
factors. We were able to detect one case of severe dysplasia but did not identify any 
case of carcinoma in situ. Among 1 8 cases, 1 6 were evident with white light. Two were 
detected with autofluorescence used to orient biopsies while white light had only 
revealed a common inflammatory aspect Thirty -nine low-grade lesions (metaplasia, 
dysplasia) were foxmd. The systems are easy to use . Lower cost would allow more 
widespread use of these systems currentiy rese r ved for risk populations. These 
techniques broaden the scope ot mterventional endoscopy. 

Publication Types: 
• Clinical Trial 
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The dismal cure rate of lung cancer patients and the 
stage shift hypothesis, i.e. finding and treating early can- 
cer at the NO stage, have propelled the interest for early 
intervention in the individuals at risk. First of all, one has 
to define the population at risk to prevent the obligation 
for screening all heavy smokers, as only about 10% of 
them will develop lung cancer [1]. The next steps are to 
have accurate diagnostic tests to identify individuals har- 
boring early cancer lesions and apply a cost-effective cura- 
tive treatment method that preserves quality of life. Only 
then, one may succeed to counterbalance the many poten- 
tial burdens associated with lung cancer screening. 

For squamous cell cancer, early localization of these 
minute lesions by conventional white-light bronchoscopy 
alone may lead to significant delays, counterproductive to 
stage shift [2]. Early squamous cell cancer develops grad- 
ually in a stepwise fashion from normal bronchial epithe- 
lium, through the different grades of pre-neoplasia to- 
wards cancer [3]. Auerbach et al. [3] reported carcinoma 
in situ to be only 5-6 cell layers thick, thus several milli- 
meters in size, easily missed using white-light bronchosco- 
py alone. Lam et al. [4] were the first to show the 
improved sensitivity of the autofluorescence bronchosco- 
py (AFB) imaging system for the detection of pre-neoplas- 
tic lesions (LIFE®, Xillix, Richmond, Canada) due to the 
reduced green fluorescence of 'abnormal' tissue. Debates 
about the value of AFB have been fuelled by several fac- 
tors: e.g. risk estimation and number of the individuals 
studied, expertise of the bronchoscopist, consistency of 



pathologist's reports or the number of biopsies taken [5, 
6]. A recent study by Hirsch et al. [7], in which the 
sequences of the bronchoscopists and the examinations 
(AFB first or white-light bronchoscopy first) have been 
randomized for ruling out expertise and memory biases, 
respectively, definitely confirmed the superior sensitivity 
of AFB. It is important to realize that only relative sensi- 
tivity has always been reported, as not all neoplastic 
lesions in the entire bronchial mucosa can be sampled 
bronchoscopically compared to Auerbach's postmortem 
study [3, 5]. 

In this issue of Respiration, Herth et al. [8] compared 
two fluorescence-imaging systems, LIFE versus the D- 
light® (Storz, Tuttlingen, Germany; actually a fluores- 
cence-reflectance system [5]) in 332 patients at risk. They 
ultimately found 62 meta- or dysplasias, 1 2 severe dyspla- 
sias and 1 1 carcinomas in situ in 127 specimens (67% rel- 
ative sensitivity). In only 5 cases was there a difference in 
image classification between the two imaging systems. 
Both systems yielded comparable results, i.e. no sign ifi- 
cant differences in finding or missing (pre-)neoplastic 
lesions, and the D-light is easier to handle, leading to a 
shorter average examination time of 8 versus 12 min for 
LIFE. 

The size of a current fiberoptic bronchoscope, how- 
ever, does not allow inspection beyond the 5th-6th order 
of the bronchial tree. So, AFB can only be applied for the 
inspection of the mucosa of the central airways mainly for 
studying squamous cell carcinogenesis [1, 7, 9, 10]. 
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AFB allows us to detect previously invisible, early and 
minute mucosal changes to study the natural histor>' of 
cancer lesions. High-resolution, accurate and cost-effec- 
tive imaging systems that exploit the use of minimally 
invasive procedures are needed as many individuals at 
risk already suffer from chronic obstructive pulmonar>' 
disease and from a poor cardiovascular status due to their 
smoking habit. They cannot tolerate long-duration and 
burdensome invasive interventions. Every link in the 
total strategy of early intervention, including the use of 



bronchoscopic techniques for early detection, localization 
and treatment, should be seen as an effort to apply the 
most cost-effective minimally invasive approach to fur- 
ther reduce screening-related morbidity and mortality. 
Still, we need more studies to prove that the stage shift 
hypothesis will indeed lead to a significant reduction in 
lung cancer mortality, due to potential biases of overdiag- 
nosis and overtreatment in a lung cancer screening setting 
[11]. 
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[57] ABSTRACT 

A fluorescence diagnosis eadoscope system used to observe 
human tissue is provided. The system has a light source for 
illuminating the human tissue with normal light and exci- 
tation light having a certain wavelength range. The human 
tissue fluoresces in response to illumination with the exci- 
tation lig^t. The system further has a pair of image receiving 
elements for outputting image signals corresponding to 
received optical images. A filter which transmits only light 
produced by the fluoresced human tissue is provided in front 
of one imagp receiving element. The image signals output by 
the image receiving elements are selectively processed and 
transmitted to a display. 

14 Claims, 13 Drawing Sheets 
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FLUORESCENCE DIAGNOSIS ENDOSCOPE 
SYSTEM 

This application is a continuation of application Ser. No. 
08/531,921, filed Sep. 21. 1995, now abandoned. 

BACKGROUND OF THE INVENTION 

The invention relates to an endoscope system for observ- 
ing human tissue that is illuminated with light having a 
predetermined wavelength. More specifically, the human 
tissue is illtiminated with light having a predetermined 
wavelength, resulting in the tissue fluorescing at anott^r 
predetermined wavelength. The fluorescence of the tissue is 
detected and processed by the endoscope system. 

It is known that when human tissue is illuminated by light 
which has a wavelength of between 400 nm (nanometers) 
and 480 nm (hereinafter referred to as excitation light), the 
tissue will fluoresce (glow), thereby producing light having 
an approximate wavelength between 520 nm and 600 nm. 
Cancerous human tissue, however, does not fluoresce even 
if it is illuminated with the excitation light. Therefore, cancer 
at an early stage, which may not be detected during a normal 
endoscope observation, can be detected with an endoscope 
S3«tem which illuminates the tissue with the excitation hght 
(i.e., a fluorescence diagnosis endoscope system). 

A conventional fluorescence diagnosis endoscope system 
has an excitation light filter between a light source and a 
light path of an endoscope, and a fluorescent light filter 
between an objective optical system and an image receiving 
element provided at the insertion side of the endoscope. The 
excitation R^i filter allows only the excitation Ught to pass 
through, and the fluorescent light filter allows only the 
fluorescent light to pass through. An example of such an 
endoscope system is disclosed in a Japanese Patent Provi- 
sional Publication HEI 4-150845. 

Since the intensity of the light produced by the fluores- 
cence of the iUimunated tissue is low, it is sometimes 
di£Elcult to obtain a fluorescent image of the tissue that is 
sufilciently bright. Therefore, it is difficult to perform the 
diagnosis accurately. 

Further, due to the construction of the conventional fluo- 
rescence diagnosis endoscope system described above, only 
the light produced by the fluorescence of the tissue enters the 
image receiving element of the endoscope. Thus, the organs 
or the tissue cannot be observed when the tissue is illtuni- 
nated with normal light by the same endoscope. In order to 
examine the organs or tissue using normal fights the endo- 
scope for the fluorescence diagnosis is removed and another 
endoscope for the normal observation is inserted. Tliis is 
both time consuming and disruptive during an examination 
of a person. 

SUMMARY OF THE INVENTION 

It is therefore a first object of the invention to provide an 
proved endoscope system which is capable of processing the 
low intensity of the fluorescent light to obtain a bright 
image, using the fluorescence diagnosis endoscope system. 

Another object of the invention is to provide an endo- 
scope system capable of improving the facility of observa- 
tion of the person when both the fluorescence diagnosis and 
the diagnosis with the normal light are performed. 

A further object of the invention is to provide an endo- 
scope capable of outputdng image signal sufficient to per- 
form diagnosis when the fltiorescenoe image is received. 

A stfll further object of the invention is to provide an 
endoscope system in whidi general purpose endoscope is 
utilized to configure the fiuorescence diagnosis system. 
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A further object of the invention is to provide a video 
processing unit to which either a general purpose endosoope 
or an endoscope for the fiuorescence diagnosis can be 
connected. 

5 For the above objects, according to an aspect of the 
invention, there is provided a fluorescence diagnosis endo- 
scope system used to observe human tissue, the system 
including a light source for illuminating the human tissue 
with light having a plurality of wavelength ranges, the 

10 human tissue fluorescing in response to illumination with 
excitation light. The excitation light has a predetermined 
wavelength range within the plurality of wavelength ranges. 
The system also includes a pair of image receiving elements, 
each of the pair of image receiving elements outputting an 

1^ image signal corresponding to an optical image. An objec- 
tive optical system for forming optical images of the human 
tissue is provided on each of the pair of image receiving 
elements, and a filt^ for transmitting light produced by the 
fluoresced tissue is arranged between one of the pair of 

20 image receiving elements and the objective optical system. 
Also included is a device for selecting one of the pair of 
image receiving elements, a device for processing the image 
signal output by each one of the pair of image receiving 
elements, and a device for outputting a video signal output 

25 by the selected one of the pair of image receiving elements. 
With this endoscope system, human tissue can be observed 
using a normal image and a fluorescence image without 
exchanging the endoscope. Therefore, the facility of observ- 
ing the person can be improved. 

The predetermined wavelength of the excitation Hght is 
preferably in a range between 400 nm and 480 tun. Further, 
the light emitted by the fluoresced tissue has a wavelength 
in a range between 500 nm and 600 imi. 

The endoscope system can be constructed such that the 
ligjbt source illuminates the object with red, green and blue 
light, and the blue light is used as the excitation light 
Therefore, another Ught source for emitting the excitation 
]i0it is not required. 

40 Alteratively, the light source can be constructed such that 
a lamp and a plurality of filters respectively transmit light 
having different wavelengths, with one of the. plurality of 
filters transmitting only the excitation light. For example, the 
system may be provided with a red, green and blue filter as 

45 well as the filter for transmitting the excitation light. Gen- 
erally the transmission wavelength range of the blue filter is 
400 nm-SOO nm. The excitation light filter can be a filter 
having the transmission wavelength range of 400 Dm-480 
nm. According to this range, the fluorescent light filter can 

50 be a filter having a wider transmission wavelength range of 
4S0 nm-600 run. 

According to another aspect of the invention, there is 
provided an endosoope for receiving fluorescent hght emit- 
ted by an object indudii^ an image receiving element for 

55 receiving an image of the object and for ou4)utting an image 
signal corresponding to the received image. The image 
receiving element includes a device for amplifying the 
image signal, an objective optical system for forming the 
image of the object on the image receiving element, and a 

60 device for transmitting Hght having a predetermined wave- 
length range to the object for ifluminating the object. The 
object producing the fluorescent hght has another predeter- 
mined wavelength range, in response to illumination with 
light having the predetermined wavelength' range. A filter is 

65 provided between the image receiving element and the 
objective optical system for transmitting light having the 
another predetermined wavelength range, and for not trans- 
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mitdng light having the predetermined wavelength range. signal processing circuits having different diaracteristics. 

Therefore, according to this system, even if the intensity of Thus, depending on the condition of light which is incident 

the fltioresoent light emitted by the human tissue is relatively to an image receiving element of an endoscope, the first and 

low, it can be dealt with and a briglit fluorescence image can the second image sign al processing circuit is selectively 
be obtained. 5 used. 

Optionally, the image receiving element comprises an Optionally, the first image signal processing circuit can 

amorphous silicon multi-layer amplified MOS imager. receive image signals representative of a plurality of frames 

Alternatively, the image receiving element includes a corresponding to a plurality of components of light, and 

CCD associated with an image intensifier. output a frame of a color video signal. 

Further, the ima^ intensifier is capable of changing its BRIEF DESCRIPTION OF THE 

sensitivity, and the sensitivity is set relatively low when the ACCOMPANYING DRAWINGS 
object enuts light having a wavelength range outside the 

range between 5O0 nm to 600 nm, while the sensitivity is set P^G- 1 shows a fluorescence diagnosis endoscope system 

relatively high when the object emits the wavelength range ^ a first embodiment of the invention; 

between 500 nm to 600 imi. According to a further aspect of FIG. 2 is a bk>d£ diagram illustrating the endoscope 

the invention, there is provided a fluorescence diagnosis system of FIG. 1; 

endoscope system including an electronic endoscope for FIG. 3 shows a schematic top view of the insertion side 

receiving an image of an object to be observed and for portion of the endoscope used in the endoscope system of 

ontputting an image signal corresponding to the received FIG. 1; 

^'T:- 1 provided for ilhiminating the object piG. 4 is a ftont view of the insertion side portion of the 

with hght havmg at least one of a phirahty of wavelength endoscope used in the endoscope system of FIG. 1; 

ranges. The light source illuminates the object with an j^r k u ^ fw^«» «f « r„i,» 4iu 

excitation light having a predetermined wavelength range, f ^ "^^^ °^ ^ 

and the object fluoresces in response to illumination by the . ^ ^^"^ ^ ™*Se seen on a momtor of fluoresced 
exciUtion light. The system also includes a fiber scope for ^ tissue; 

inserting into an instrument channel of the electronic *^ shows a modification of the light filter shown in 

endoscope, the fiber scope having a lens at a tip fiar con- FIG. 5; 

verging the light from the object and for transmitting the ^O. 8 shows another modification of the light filter 

light through the fiber scope. Also included is an image shown in FIG. 5; 

receiving element for receiving the light transmitted dirough ^° FIG. 9 shows a fluorescence diagnosis endoscope system 

the fiber scope, and a filter provided between an end of the according to a second embodiment of the present invention; 

fiber scope opposite the tip and an other image receiving piG. 10 is a block diagram illusd-ating the endoscope 

element, the filter transmits light emitted by the fluoresced system shown in FIG 9* 

object and does not transmit Ught having the predetermined ^ ^^^^ ^ fluoreUnce diagnosis endoscope system 

wavelength range. A device for receiving the miage signal ^^.^ing to a third embodiment of the prese^^vention; 

ou^ut by the image receivmg element and outputtmg a ™^ f-* • ui , -i, . ^ 

corresponding video signal is also provided. FIG. 12 is a block diagram illustratmg the endoscope 

-I- - o ,u' * ■ 1 J system shown in FIG. 11; 

According to this system, the convenUonal endoscope ™^ i» - ui -i j- en 

only having an image receiving element for the normal ^ t "^"^ ""^Z fluoresoMice diagnoas 
image is used, and the fluorescence image can also be *° endoscope system accordmg to a fourth embodnnent of the 

observed without exchanging the endoscope. present mvenbon; 

According to still another aspect of the invention, there is .J^^' f * ^^^^ * schematic crcKS section of the insertion 

provided an endoscope including a pair of image receiving portion of ^e endoscope used in the endoscope system 

elements for receiving images and for outputting image 45 ^ '^y^' 

signals corresponding to the received images, an objective is a block diagram of a fluorescence diagnoas 

optical system for forming the images on the imag^ receiv- endoscope system according to a fifth embodiment of the 

ing elements, and a device for transmitting light having a ptesent mvention; 

predetermined wavelength range to illuminate an object. FIG. 16 shows a fluorescence diagnosis endoscope system 
The object fluoresces in response to illumination with the 50 according to a axth embodiment of the present invention; 
transmined light. A filter is provided between one of the 

image receiving elements and the objective optical system FIG. 17 is a block diagram illustrating the endoscope 

for transmitting light emitted by said fluoresced object and system shown in FIG. 16. 

for preventing transmission of light reflected by the object. ^-^r.^.^^^^. ^ 

According to this system, sinoTthe endoscope has two 55 DESCRIPnON OF THE EMBODIMENT 

image receiving elements for the normal image and for the FIG. 1 shows a fluorescence diagnosis endoscope system 

fluorescence image, and the image receiving elements out- according to a first embodiment of the invention. FIG. 2 is 

put respective image signals, the normal image and the a block diagram illustrating the endoscope system of FIG. 1. 

fluorescence image can be selectively observed without As shown in FIG. 1, the endoscope system is provided 

exchanging the endoscope. with an electronic endoscope 10, a video processing unit 20, 

According to a further aspect of the invention, there is a switching unit 30, a display unit 40, and a recording unit 

provided a video processing unit for an endoscope iachid- 50. 

i°S* The endoscope 10 has a flexible mbe 1 which is inserted 

a first and a second image signal prooessii^ circuits, each inside a human body to be observed, and an operation 
of the image signal processing circuit being capable of 65 section 11 which controls the operation of the endoscope 10. 

receiving an image signal transmitted from an image receiv- As shown in FIGS. 2 and 3, at the insertion end portion 

ing elemwit of an endoscope, the first and the second image of the mbe 1, first and second optical units 200 and 300 are 
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provided. The optical units 200 and 300 respectively include 
a first image receiving element 2 and a second image 
receiving element 3. In the first embodiment, the first and 
second image receiving elements 2 and 3 are monochro- 
matic CCDs (Charge Coupled Devices). FIG. 2 is not an 
actual cross-sectional view, but shows the relationship 
between the optical units 200 and 300 with respect to the 
entire system. Hie actual cross^sectional arrangement of the 
image receiving elements 2 and 3 as well as other elements 
described below, are shown in FIG. 3. 

In £ront (on left-band side of FIG. 2 or FIG. 3) of the first 
and second image receiving elements 2 and 3, a first optical 
system 4 aixi a second optical system 5 are provided. The 
fibcst and second optical systems 4 and 5 form images of an 
object to be observed on the first and second image receiving 
elements 2 and 3, respectively. 

A fluorescent light filter 6 is located between the first 
optical system 4 and the first image receiving element 2. No 
such filters are provided between the second objective 
optical system 5 and the second image receiving element 3. 
The fluorescent light filter 6 has a transmission wavelength 
range greater than the wavelength of the excitation light, 
thereby preventing the excitation Hgbt finom being transmit- 
ted therethrough. In the following embodiments, the trans- 
mission wavelength of the fluorescent light filter 6 is 
between 520 rmi (nanometers) and 600 nm. 

A light guide fiber bundle 8 is provided in the endoscope 
10. The light emitting surface of liie light guide fiber bundle 
8 is arranged adjacent to the first and second optical systems 
4 and 5, and emits light towards the object (ie., tissue) to be 
observed. 

FIG. 4 is a fi^ont view of the insertion end of the tube 1. 
Light receiving windows 4a and 5a are formed on the 
incident surface of the insertion end of the tube 1, in front 
of the first and second optical systems 4 and 5, respectively. 
A light emitting window 8a is also formed on the incident 
surface of the insertion end of the tube 1, in firont of the light 
emitting end of the light guide fiber bundle 8. A channel 9 
is formed through the tube 1, where forceps or operational 
iostruments can be inserted. 

As shown in FIG. 1, the tube 1 is connected to the 
operation section 11. The operation section 11 is connected 
to the video processing unit 20 through a flexible cable 12 
and a connector 13. 

A first cable 15, a second cable 16 and the light guide fiber 
bundle 8 are inserted through the tube 1, the operation 
section 11, and the flexible cable 12. The first and second 
cables 15 and 16 transmit signals between the video pro- 
cessing unit 20, and the first and second image receiving 
elements 2 and 3. 

As shown in FIG. 2, a light source 21, which inchides a 
Xenon lamp and a reflector, is provided in the video pro- 
cessing unit 20. Light emitted by the light source 21 enters 
a light receiving surface of the light guide fiber bundle 8. A 
disk-shaped RGB (Red, Green and Blue) filter 22 is pro- 
vided in the light path between the light source 21 and the 
fight receiving surface of the light guide fiber bundle 8. 

FIG. 5 shows a firont view of the RGB filter 22. TTie RGB 
filter 22 is constructed such that red, green and blue filter 
sectors are arranged about an axis of rotation of the filter 22 
with fight shielding portions provided between the filter 
sectors. The transmissioD wavelength ranges for the red, 
green and blue filter sectors employed in the embodiments 
described below, are as follows: Each filter sector has a 
traosmissivity of greater than 50 percent for l^t having a 
wavelength within the transmission wavelength range. The 
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red filter sector has the transmission range of 580-650 nm; 
the green filter sector has the transmission range of 500-580 
nm; and the blue filter sector has the transmission range of 
400-500 nm. The RGB filter 22 is rotated at a constant speed 
by a motor 23. As the RGB filter 22 rotates, the object to be 
observed, which is located in front of (Lc., on the left-hand 
side of FIG. 2) the insertion end of the tube 1, is illuminated 
by red, green arKl blue light, sequentially and periodically. 

The first and second cables 15 and 16 are connected to a 
switching circuit 26 provided in the coimector 13. The 
switdiing circuit 26 is connected with a manually operable 
selector 28. The selector 28 connects one of the cables 15 
and 16 to a video circuit 24 in order to process a normal 
image signal A foot switch can also be used as the selector 
28. 

The first and second image receiving elements 2 and 3, 
and the motor 23 are driven synchronously with each other 
in accordance with an output signal of a timing circuit 25. 
Thus, an image of the object is detected ;ising an RGB 
frame-sequential method. 

The video circuit 24 receives the image signals transmit- 
ted &om die light receiving elements 2 and/or 3, and outputs 
RGB color video signals in order to display a color image of 
the object to be observed, on the screen of the display unit 
40. 

In the first embodiment, the RGB video signals are 
transmitted to the display unit 40 through the switching unit 
30. The switching imit 30 has two modes of operation. In the 
first mode of operation, aU the RGB dgnals are transmitted 
to the display unit 40. In the second mode of operation, the 
B (blue) signal (when the object is illuminated with the blue 
light) is transmitted to the display unit 40. The first mode of 
operation allows the normal color image to be displayed, 
while the second mode of operation allows the fluorescence 
image of the object to be di^layed on the screen of the 
display unit 40. 

The display unit 40 is connected with the recording imit 
50 which records the video signal onto a magnetic recording 
medium, such as a video tape. The video processor 20 is 
coimected to a keyboard 27 for inputting various operational 
commands. 

In the endoscope system described above, the R, G, and 
B components of the image signals are output by the first and 
second imag^ receiving elements 2 and 3, as the RGB filter 
22 rotates. Therefore, by coimecting the second cable 16 to 
the video circuit 24 through the switching circuit 26, a 
normal color video signal is ou^t from the video circuit 24. 
Hierefore, in the first mode of operation of the switching 
imit 30, afl the RGB signals are transmitted to the dii^lay 
unit 40, and the normal color image is displayed on the 
screen. 

The first light receiving element 2 outputs an image signal 
corresponding to the light having a wavelength approxi- 
mately between 520 nm and 600 run, since only the Ugbt 
which passed through the fluorescent light filter 6 is incident 
on the first light receiving element 2. 

When the switching circuit 26 cormects the first signal 
cable 15 to the video circuit 24, and controls the switching 
unit 30 to operate in the second mode of operation, the image 
signal when the object is iUuminated with blue light (having 
wavelength between 400 nm and 500 tun) is selected. 
Therefore, the video signal representative of the fluorescent 
image is transmitted to the display unit 40. Thus, the 
fluorescent light image 40A is displayed on the screen of the 
display unit 40, as shown in FIG. 6. In the embodimeol, the 
actual color of the fluorescent light image is green. However, 
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axxrordiQg to tbe coiifig:iiration of the system, a blue image is video circuit 24A wfaidi processes only the image agna] 

delayed which represents the fluorescent Hglit image. output by the second image receivii^ element 3. 

As described above, according to the first embodiment. The second image receiving element 3 is connected to the 

both the normal color image and the fluorescence image can video circuit 24A throtig^ the second cable 16, and a cabk 
be observed with a single endoscope. There is thus no need 5 16A provided in the connector 13A. The second image 

to change the endoscopes and the operation of the endoscope receiving element 3 is driven synchronously with the rota- 

between operational modes is neither time consuming nor ^^n of the motor 23 in accordance with the timing signal 

disruptive to the examination of the person. This facihtates, °^^P^^ """^"^^^ 

e.g., the early diagnosis of cancer in the body. . ^^g^ receivmg element 2 is connected to a 
e- * 1 * ui •* n^T5 -J 10 Video ciTcuit 136 through the cable 15 and a cable ISA, 

Smoe the system can selectably tonsmit Oie RGB video ^ ^^^^ ^ the flexible cable 17. 

signaller the fluor<^nce miage video signal to the display a light guide 19 is provided in the flexible cable 17. lUe 

umt40.au off-the-shelf video prc^ light^dent surface of the hght guide 19 is arranged 

for the video processing unit 40. adjacent to the hght incident surfece of the light guide fiber 

In the first embodiment, the RGB filter 22 has three bundle 8, The light emhting side of the light guide 19 is 

sectors (filters) which transmit red, green and blue provided inside the connector 18. 

components, respectively, of light when the normal color In the fluorescence image controlunil 130, a beam Splitter 

image is observed. Further, the light transmitted through the I3l is provided sudi that a light receiving surface thereof 

blue filter (the blue hght) is also used as the excitation hght contacts the light emitting surface of the light guide 19. 

when the fluorescent image is observed. Light emitted from the light emitting surface of the light 

In a modification to the first embodiment, a modified filter guide 19 is ^ht by the beam splitter 131 into two rays of 

22A, shown in FIG. 7, is employed. The modified filter 22A hght. One ray is incident on a first light receiving device 133 

has RGB filters and another filter E. Depending on the through a blue filter 132, and the other ray is incident on a 

portion of the human tissue to be observed, the fluorescent second light receiving device 134. Output signals of the first 

fight way have a wavelength range between 480 and SCO nm. and second light receiving devices 133 and 134 are trans- 

This range of the fluorescent light overlaps the upper side of mitted to a timing circuit 135. Thus, the timing circuit 135 

the transmission wavelength range of the blue filter. In order and the timing circuit 25 generate the timing signals syn- 

to obtain only a fluorescent image of the tissue (and not a chronously with each other. 

normal image), the filter E should have an upper limit of the As described above, the first signal cable 15 is connected 

transmission wavelength range which is lower than the to the video circuit 136. As the timing signal is transmitted 

upper limit of the transmission wavelength range of tbe blue from the timing circuit 135, the video circuit 136 detects the 

filter (i.e., 500 nm), and lower than 480 nm. Tlie filter E image signal only when the object is illuminated with a blue 

transmits the excitation light having the wavelength between Hght having wavelength between 400 nm and 475 nm. Since 

400 nm and 480 nm. When this modified filter 22A is used, the image signal received by the video circuit 136 oorre- 

the filter £ transmits the excitation light to the object to be sponds to light traismitted through the filter 6, the image is 

observed. When the filter E is used, a filter having the the fluorescence image. 

transmission wavelength range of 480-600 nm is used as the In an image integrating circuit 137, a plurality of frames 

fluorescent ligjit filter 6. of the fluorescent light image output by the video circuit 136 

In a second modification of the first embodiment, the filter is integrated (superimposed) to form a single bright image. 
22 is replaced with a modified filter 22B, shown in FIG. 8. ^ Then, the bright image signal is sent to a image synthesis 

Further, in the second modification of the first embodiment, circuit 138. In the second embodiment, the number of 

a color image receiving element is used instead of the firames to be superimposed can be set either manually by 

monochromatic image receiving element 3. The modified means of a switch 231, or automatically, 

filter 22B does not have RGB filters since the color image The image synthesis circuit 138 receives the integrated 

receiving element does not require such a filter. The modi- fluorescent light video signal from the image integrating 

fled fiher 22B has a transparent filter T (this could also be an circuit 137, and the color video signal from tbe normal video 

opening) and the filter E, for transmitting the excitation circuit 24A. Then, in accordance with the operated status of 

hght. a display switch 229, the image synthesis circuit 138 outputs 

FIG. 9 shows a fluorescence diagnosis endoscope system one of the normal color video signal or fluorescence image 
accordiag to a second embodiment of the invention, and 5Q video signal, or both to the display unit 40. 

FIG. 10 is a block diagram illustrating the endoscope system According to tbe second embodiment, the first image 

of FIG. 9. In the description, the devices, which are similar receiving element 2 is connected to a video processor whidi 

to those of the first embodiment have the same reference is provided separately from the normal video processing unit 

numerals, and will not be described below. 120. Further, an off-the-^eif video processor can be used for 

As shown in FIG. 9, the endoscope system according to 55 processing the image observed using the normal color video 

the second embodiment includes the endoscope 10, a normal signal 

video processing unit 120, a fluorescent light image control FIG. U shows a fluorescence diagnosis endoscope system 

unit 130, the display unit 40 and the recording unit 50. according to a third embodiment of the present invention. 

Tbe endoscope 10 is connected to the video processing FIG. 12 is a block diagram illustrating the endoscope system 
uiut 120 through the flexible cable 12 and a connector 13 A. so of FIG. U. 

The fluorescent light image control unit 130 is connected to The system of the third embodiment consists of the 

the video processing unit 120 through a connector 18, a endoscope 10, a video processing unit 220, the display imit 

flexible cable 17 and the connector 13A. 40 and the recording unit 50. The endoscope 10 and tbe 

The video processing unit 120 has the light source 21, the video processing unit 220 axe connected by the flexible cable 
filter 22, the motor 23, arKi the timing circuit 25 which are 65 12 through a connector 13B. The keyboard 27 for inputting 

similar to those in the video processor 20 of the first commands etc. is connected to the video processing unit 

embodiment The video processing unit 120 also includes a 220. 
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The light source 21, the filter 22, the motor 23 and the circuit 226A. The video circuit 224 and the controller 226A 

timing circuit 25 are provided in the video processing unit are supplied with timing signals firom the timing ciicuit 25, 

220. Further, the video processing unit 220 is provided with and drive the image receiving element 3 and 2 A, 

a video circuit 224 for processing a normal color image, a re^)ectively, and synchronously with the rotation of the filter 

video circuit 226 for processing the fluorescent Hght image, 5 22. 

an image integrating circuit 230, and an image synthesizing As described above, since the image receiving element 2A 

circuit 228. The video circuits 224 and 226, the image has a very high sensitivity, the integrating circuit is not 

integrating circuit 230, and the image S3mthesizing circuit necessary. The circuitry in the fourth embodiment is theie- 

228 function in a similar way to the video circuits 24A and fore simplified. Further, the image output to the monitor 40 

136, the image integrating circuit 137, the image synthesiz- lO is sufficiently bright. 

ing circuit 138, respectively of the second embodiment. HG. 15 is a block diagram of a fifth embodiment of a 

Therefore, these circuits will not be described in detail. fluorescence diagnosis endoscope system according to the 

Hie first image receiving element 2 is connected to the present invention, 

video drcuit 226 through the cable 15 and a cable 15B, gfth embodiment, an image inteiKifier 31 is pro- 

which is provided in the connector 13B. The second image 15 ^ ^^^^ ^ left-hand side of FIG. 15) a 

receiving element 3 is oinnected to the video circuit 224 conventional image receiving element 3, as shown in FIG. 

through the cable 16 and a cable 16B, which is provided 15 ^ ^^^g^ intensifier control circuit 232 for controlling 

inside the connector 13B, In accordance with the output the image intensifier 31 is provided inside a connector 13D, 

signal of the tunmg cucmt 25, the video circuu 226 outputs ^ sensitivity adjusting switch 33D is provided on the 

only the video signal corresponding to the fluorescent hght 20 Qp^j^tion section 11. 

* In the fifdi embodiment, by changing the sensitivity of the 

In the third embodiment, the video signal output by^e ^ intensifier 31, the brightness of the image is adjusted, 

video circuit 226 is mtegrated by the mtegratmg circuit 230, purther. since the signal having the adju^ampUmde is 

in a siinaar manner described for the second ernbodiment ^^^^ ^ processing unit 220D, only one video 

^ve. The number of frames to be superimposed is set by ^5 ^240 is required, and the construction of the video 

the manuaUy oi^rable smtdi 231. By operating a screen circuit 224D is simple. Further, similar to the previous 

switch 229, the unage to be delayed on the screen of the embodiments, the video circuit 224D and the image receiv- 

display umt 40 can be selected. jng element 3 are driven synchronously with the rotation of 

In the third embodiment, based on the output signal of the the motor 23, in accordance with the timing signal output by 

timing circuit 25, the first and second image receiving the timing circuit 25. FIG. 16 shows a fluorescence diag- 

elements 2 and 3 are driven synchronously with the rotation nosis endoscope system according to a sixth embodiment of 

of the motor 223, and accordingly the RGB frame-sequential the present invention. HG. 17 is a block diagram iUustrating 

image reading is performed. the endoscope system shown in FIG. 16. 

The video circuit 226 detects the image signal when the xhe sixth embodiment employs the endoscope lOB, a 

object is illuminated with the blue light (having wavelength video processing unit 220C, the display unit 40 and the 

between 400 nm and 500 nm). Since the filter 6 is provided recording unit 50. Further, the system is provided with a 

in front of tte image receiving element 2, a fluorescence fiber scope 60 which is made of an image guide fiber bundle 

image video signal is output by the video circuit 226. inserted in the forceps channel 9 of the endoscope lOB. An 

The signal output by the video circuit 226 is transmitted ^ objective lens 60a is provided at an insertion end of the fiber 

to the integrating circuit 230, and a plurality of frames are scope 60. The other end of the fiber scope 60 is coupled to 

iategrated.Tbenumberof frames to be superimposed by the a connector 64. A filter for passing the fluorescent light 

integrating circuit 230 is set automatically, or by the switch having a wavelength between 500 nm and 600 nm is 

231. provided in the connector 64. Light emitted by the other end 

FIG. 13 £5 a block diagram of a fourth embodiment of a 45 of the fiber scope 60 passes through the filter 61 and is 

fluorescence diagnosis endoscope system according to the incident on a monochromatic image receiving element 62. 

present invention. FIG. 14 shows a schematic cros^-section The image receiving element 62 receives a fluorescent 

of the insertion end of the tube 1 of the endoscope used in image and transmits an image signal to a video circuit 226 

the endoscope system shown in FIG. 13. through a connector 63. The fiinction of each element of the 

The fourth embodiment consists of an endoscope lOA, a 50 video processing unit 220C is the same as the elements 

video processing unit 220A, the display unit 40 and the described for the video processing unit 220 of the third 

recording unit 50. embodiment, shown in FIG. 12. 

The fourth embodiment will be described hereinafter in The present disclosure relates to subject matters contained 

relation to the third embodiment. Id the fourth embodiment, in Japanese Patent ^plications Nos. HEI 6-226521, HEI 

instead of the image receiving element 2 of the foregoing 55 6-226522, HEI 6-226523, HEI 6-226524, filed on Sep. 21, 

embodiments, a very high sensitivity image receiving ele- 1994, which are expressly incorporated herein by reference 

ment 2A is used in the endoscope lOA. Further, the video in their entireties, 

circuit 226 and the integrating circuit 230 are replaced with What is claimed is: 

a control circuit 226A for controlling the image receiving 1. A fluorescence diagnosis endoscope system fcff observ- 

element 2A. In the embodiment, the image receiving ele- eo living tissue, said system comprising: 

ment 2A transfers electric charge to an amorphous silicon a single light source for illuminating the living tissue, said 

multi-layered amplified MOS imager to amphfy the charge single light source emitting light having a phirahty of 

by a factor of over one thousand. wavelength ranges, said light comprking visible light 

The im^e receiving element 3 is connected to the video and an excitation light; 

circuit 224 through the cable 16 and a cable 16B provided 65 a filter unit, arranged between said sirigle ligjit source and 

inside the connector 13B to process the normal color image. the living tissue, that periodically filters said light from 

The image receiving element 2A is coimected to the control said single light source, said filter unit comprising at 
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least one blue, at least one red, and at least one green 
filters, said blue filters blocking lig^t that does not have 
a wavelength betwe^ 400-500 nm, such that said at 
least one blue filter is the sole source of light that causes 
the living tissue to fluoresce and emit fluorescent light; 

a first optical unit at the tip of an electronic endoscope^ 
said first optical unit comprising a first optical sy^em 
and a first imaging element for receiving light reflected 
firom the living tissue by light passing through said 
green, blue, and red filters to flluminate the living tissue 
and generating first image signals; 

a second optical unit provided at the tip of the electronic 
endoscope for receiving said fluorescent light and gen- 
erating second image signals, said second optical unit 
comprising a second imaging element, a second optical 
system, and a fluorescence filter provided in front of 
said second imaging element, the fluorescence filter 
preventing transmission of light having the same wave- 
length as the excitation light; 

an image processor for processing said first image signals 
and said second image signals, in accordance with the 
periodical filtering of light by said filter unit, to £3rm a 
color image of the living tissue and a fluorescence 
image of the living tissue, respectively; and 

an output device for outputting said color image and said 
fluorescence image. 

2. The fluorescence diagnosis endoscope system accord- 
ing to claim 1, said output device comprising a selector for 
selecting at least one of said color image and said fluores- 
cence image for output. 

3. The fluorescence diagnosis endoscope system accord- 
ing to claim 2, fiirther comprising a display for displaying 
said at least one of said colcx image and said fluorescence 
image. 

4. The fluorescence diagnosis endoscope system accord- 
ing to claim 2, said image processor comprising: 

a color image processor for forming said color image; and 
a fluorescent image processor and an image integrating 
circuit for forming said fluorescence imagp, said image 
integrating circuit integrating a predetermined number 
of images output byj^d fluorescent image processor to 
form said fluorescence image; and 
an image synthesizer, responsive to said selector, for 
outputting at least one of said color image and said 
fluorescence image. 

5. The fluorescence diagnosis endoscope system^accord- 
ing to claim 2, wherein said second optical unit comprises an 
image amplifier for amplifying said second image signals 
prior to output, said image processor comprising: 

a color image processor for forming said color image; 
a control circuit for forming said fluorescence image 

based on said second image signals; and 
an image synthesizer, responsive to said selector, for 

oiuputting at least one of said color image and said 

fluorescence image. 

6. A florescence diagnosis endoscope system for observ- 
ing living tissue comprising: 

a inngle light source for illimiinating the hving tissue with 
at least an excitation light that causes the living tissue 
to fluoresce and emit fluorescent li^t, said single light 
source emitting Light having a plurality of wavelength 
ranges, said light comprising visible light and said 
excitation light; 

a filter unit, arranged between said single light source and 
the living tissue, that periodically filters said light from 
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said single hght source, said filter tmit comprising at 
least one red, at least one blue, and at least one green 
filters that pass light that illuminates the living tissue to 
obtain an optical image, and said blue filter preventing 
transmission of light not between 400-500 nm such 
that said at least one blue filter is the sole source of light 
that causes the livii^ tissue to fluoresce and emit 
fluorescent light; 

an image receiving element provided at the tq> of an 
electronic endoscope for generating amplified image 
signals based on a received image of the living tisaie; 

an optical system for forming said image of the living 
tissue on said image receivLog element 

a fluorescence filter, provided at the tip of the electronic 
endoscope, and between said optical system and said 
image receiving element, that transmits said fluorescent 
light to said image receiving element only when said 
blue filter is inserted between said single light source 
and the living tissue, the fluorescence filter preventing 
transmission of light having the same wavelength as the 
excitation hght; and 

a control circuit for controlling and driving said image 
receiving element to output said amplified image sig- 
nals in accordance with the periodical filtering of light 
by said filter unit. 

7. Tb& florescence diagnosis endoscope system according 
to claim 6, said image receiving element comprising an 
amorphous silicon multi-layer amplifled MOS imager. 

8. The florescence diagnosis endoscope system according 
to claim 6, said image receiving element comprising a CCD 
and an image intensifier. 

9. The endoscope system of claim 8, fiirther comprising a 
s^al output unit for outputting video signals corresponding 
to the color image of the living tissue and the fluorescence 
image of the living tissue, and a display unit for displaying 
the color image of the hving tissue or the fluorescence image 
of the Uvirig tissue based on the video signals provided as 
output fi-om the signal output unit. 

10. A fluorescence diagnosis endoscope system for 
observing hving tissue comprising: 

a single light source; 

a light transmitting member, which transmits said light 
emitted by said single light source toward the living 
tissue; 

a plurahty of filters sequentially inserted in an optical path 
between said single light source and said light trans- 
mitting member to filter said light emitted by said 
single light source, said plurality of filters comprising 
at least one red, at least one bhie, and at least one green 
filter, said red filters preventing transmission of light 
not having a wavelength between 580-650 nm, said 
blue filter preventing transmission of light not having a 
wavelength between 400-500 rmi, and said green filter 
preventing transmission of light not having a wave- 
length between 500-580 run; 

said at least one blue filter being the sole source of light 
that causes the living tissue to fluoresce and emit 
fluorescent light; 

a fluorescent filter; 

a first imaging element that receives light reflected from 

said Uving tissue; and 
a second imaging element receiving fluorescent light 
emitted fiom said hving tissue and passing through said 
fluorescent filler. 
U. The endoscope system of claim 10, wherein said first 
imaging element is mounted at the at the tip of an electronic 
endoscope. 
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12. The endoscope system of claim 10, wherein said 
second imaging element is mounted at the at the tip of an 
electronic endoscope. 

13. The endoscope s^tem of claim 10, further compris- 
ing: 

said first imaging element emitting a color unage signal; 
said second imaging element emitting a fluorescent image 

signal; 

a selector for selecting one of said color and fluorescent 
image signals; and 



14 



an image processor, responsive to said selector, for pro- 
cessing said color image signal and said fluorescent 
image signal in accordance with the sequential filtering 
by said phirality of filters to form a color image of the 
hving tissue and a fluorescence image of the living 
tissue, respectively. 
14. The endoscope sy^em of claim 10, further comprising 
a rotating disk upon which said red, blue and green filters are 
mounted. 
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ABSTRACT 



A Ouoresccncc endoscope includes an Oluininaiing Tigh i 
ptojcaing system which projects illuminating light onto a 
part inside a body, a first objective optical system wfaidi 
causes the illuminating light reflected at the part of the body 
to form a normal image of the part, an excitation light 
projecting system which projects onto a part iaside the Ixidy 
excitation light, and a second objective optica] system wfaidi 
causes fluorescence emitted from the part to form a fluo- 
re^nce image. A normal image CCD takes the image 
formed by the objective optical s)%tem and outputs a normal 
image signal representing the normal image and a fluores- 
cence image CCD takes the fluorescence image formed by 
the second objective optical system and outputs a fluores- 
cence image signal representing the fluoresc-ence image. A 
measuring light projecting system projects measuring M^i 
at a wavelength in the wavelength range of the fluorescence 
onto a part inside the body. Measurement images are formed 
through the flrst and second objective optical systems by the 
measuring light reflected at the same part of the body and an 
image degradation function of the second objective optical 
system in obtained on the basis of the image signals. An 
image restoration processing is carried out on a fluorescence 
image signal on the basis of the image degradation function. 

5 Claims, 1 Drawing Sheet 
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FLUORESCENCE ENDOSCOPE 
BACKGROUND OF THE INVENTION 
1. Field of the lavention 

This inventioD relates to a fluorescence endoscope used to 
examine ifae inleiiur of a body cavity and the like, and mure 
particularly to a fluorescence endoscope in which blur of the 
image due to insufficient depth of focus of the objective 
optical system can be avoided. 

Z Description of the Related Art 

There has been in wide use an endoscope to observe the 
interior of a body cavity or to give treatment observing the 
interior of a body cavity. Currently an electronic endoscope 
comprising an illuminating light projecting system which 
projects illuminating light onto a part inside a body through 
optical fibers or like, an objective optical system whidi is 
inserted into the interior of die body and tbrms an image of 
the part by the tight reflected at the part of the body and an 
image taking means which takes the image formed by the 
objective optical system is major. 

On the other hand, there have been made various inye.s- 
tigatiuus on photodyiiamic diaguoM&> (PDD). The phoUxly- 
namic diagnosis is a technique in which a photosensitive 
material which ha:> aJBnily to tumor and emits fluorescence 
when excited by light Ls first administered to the tumor, 
excitation light having a wavelength in the excitation wave- 
length range of the photosensitive material is projected onto 
the tissue, and then the intensity of the fluorescence is 
measured or the mmor is diagnosed on the basis of an image 
formed by the fluorescence. As another form of the photo- 
dynamic diagnosis, there has been known a technique in 
which excitation light having a wavelength in the exciting 
range of a photosensitive material inherent to the organian 
is projected onto the organism to cause the intrinsic photo- 
sensitive material to emit fluorescence (so-called auto- 
fluorescence), and tumor is diagnosed on the basis of an 
auto-fiuorescence image. 

A fluorescence endoscope for taking such a fluorescence 
image and displaying the image basicafly comprises an 
excitation light projecting system which projects excitation 
light onto a part inside the body in addition to said iUumi- 
nating light projecting system, the objective optical system 
and the image taking means, and an image formed by 
fluorescence emitted from the part is taken by the image 
taking means. 

In such a fluorescence endoscope, use of an objective 
optical system which is smafl in F-mimbcr and high in 
numerical aperture is generally required in order to effi- 
ciently detect fluorescence which is normally very weak. 
However when a high numerical aperture objective optical 
system is used, the depth of focus is reduced and blur is apt 
to be generated in a part of the fluorescence image taken. 

As an objective optical system Ibr an endoscope in which 
the depth of focus can be increased, there has been known 
one disclased, for instance, in Japanese Patent Publication 
No. 7(1995)-119893. The objective optical system is pro- 
vided with an adjustable diaphragm and when a part rela- 
tively close to the optical system is to be observed, the 
diaphragm is closed to increase the depth of focus. 

However since fluorescence emitted from a part Inside the 
body is very weak as described above, the method of 
increasing the depth of focus by closing the diaphragm is 
difficult to apply to the fluorescence endoscope. 

In order to overcome the aforesaid problem, we have 
proposed to carry out, in an endoscope comprising an 
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objective optical system which is inserted into the interior of 
an organic body and an image taking means which takes an 
image formed t>y the objective optical system and outputs an 
image signal representing the image, an image restoration 
pmcc^^'ng on a part of the image signal cnrre5^nnding tn a 
predetermined range in the image taking range of tl^ image 
taking means by use of a degradation function such as a 
point s*pread function of the objeoive optical system. See 
Japanese Unexamined Patent Pnbhcation No. 10(1998)- 
165365. 

in the endoscope, blur of an image due to insufficient 
depth of focus of the objective optical system can be 
removed by an image restoration processing using a degra- 
dation function such as a point spread function or the like of 
the objective optical system. When blur of the image due to 
insufficient depth of focus of the objective optical system 
can be avoided in this mani^r, a high numerical aperture 
objective optical system can be employed and accordingly 
the amount of light entering the image taking means can be 
increased. 

However in the endoscope, since a preset de^gn value or 
a measured value is employed as the degradation function, 
it is difficult to accurately restore the image taking into 
account change of the degradation function which is caused, 
for instance, when the position of the endoscope relative to 
the part to be observed changes. 

The problem may be overcome, when the endoscope is 
airangcd to measure the distance between each point on the 
part to be observed and the endoscope and to carry out the 
image restoration processing on a part of the image signal 
corresponding to the part of the body whose di^nce from 
the endoscope is within a predetermined range. However 
this approach is di.sadvantageous tn that it requires a distance 
measuring means, which comphcates the structure of the 
endoscope. 

SUMMARY OF THE INVENTION 

In view of the foregoing observations and description, the 
primary object of the present invention is to provide an 
endoscope in ^ich the image restoration proc^sing can be 
accurately carried out even if the position of the endoscope 
relative to the part to be observed dianges without use of a 
distance measuring means. 

In accordance with the present invention, there is pro- 
vided a fluorescence endoscope comprising 

an flhiminating light projecting system which projects 

illuminating light onto a part inside a body, 
a first objective optical system which is inserted into the 
interior of the body and causes the ifluminating light 
reflected at the part of the body to form a normal image 
of the part, 

a normal image taking means which takes the image 
formed by the c^jective optical system and outputs a 
normal image signal representing the normal image, 

an excitation light projecting system which projects onto 
a part inside the body excitation light having a wave- 
length in the excitation wavelength range of a photo- 
sensitive material, 

a .second objective optical system which causes fluores- 
cence emitted from the part to form a fluorescence 
image, and 

a fluorescence image taking means which takes the fluo- 
rescence image formed by the second objective optical 
system and outputs a fluorescence image signal reptc- 
senting the fluorescence image. 
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wherein Ihe improvemenl comprises a degradaliun lunclioiL Degradalion fimclions of images can 

a measonng light projecting system which projects mea- be roughly divided into those which represent degradation 

airing light having a wavelength in the wavelength by a point spread fimction which can be analytically deter- 

range of the fluorescence onto a part inside the body, mined and those which represeal degradation by a point 

an operarion means whic^ obtains; an image degradation 5 spread fiincrinn which cannot he analytically determined. In 

function of the second objective optical system through the present mvention, the degradation by the point spread 

operation ii^g image s^ab? respectively output finom function can be known by actually measuring the input and 

the normal image taking meats and the fluorescence output of the objective optical system and accordingly a 

image taking naeans on the basis of images formed degradation function in the former group can be suitably 

through the first and second objective optical systems lo used. In this case, the image can be restored by 

by the measuring light reflected at the same part of the dc-cuQvoluLiou. 

^^yy When the image is restored by the deconvolution, a 

an image processing means which carries out an image fllLcring processing is generally applied. Al this lime, when 

restoration processing on a fluorescence image signal noise can be ignored, the image can be restored by applying 

output from the fluorescence image taking means on 15 a so-called reverse filter to Fourier transform of the degraded 

the basis of the image degradation function, image. 

As the measuring light projecting system, those which On the other hand, when noise cannot be ignored, the 

emit light substantially equal in ^jectium to the fluorescence image can be restored by use of a least square filter (wiener 

emitted from the part of the body \spon exposure to the filter) which minimizes the mean square error between the 

excitation l^ht or Ught having a wavelength substantially 20 original image and the restored image, a limited reverse 

equal to a main peak wavelength of the fluorescence can be ctynvolution Hlter, a recursive filUir, a homomt>Tpbi%m ftltcr, 

suitably employed. ur the like. 

As the degradation function, a point f^iread function of the Such an image restoration processing is described in 

second objective optical system can be suitably used. detail, for instance, in papers of Academy of Hlectronic 

The first and second objective optical systems may be 25 Communication", November, 1984, Vol. J67-D, No.lO, and 

formed either separately from each other or as a single "O plus H" magazine", an extra number, November, 1986. 

objec^ve optical system common to the normal image All the image restoration processings described there can be 

taking means and the fluorescence image taking means. used in the present invention. 

However when the first and second objective optical 

systems are formed separately fi^m each other, parallax 30 BRIEF DESCRIPTION OF THE DRAWING 

between the objective optical systems can cause distortion of cjo. i « o ^iA^ ™„ « j 

A l^j- • u ■* ' c f*iu, I IS a ?«:hematic side view ot a fluorescence cndo- 

the image. Aocordmgly.m such a case, it is preferred that the ^.^^ ^™.4 ^ -.u ^ r 

— j^—L. w A -J J * scope in accordance with an embodiment of the uresent 

endoscope be further provided with a means for carrying out invention i^^^a^"* 

processing for correcting distortion of the image due to 

parallax between the first and second objective optical 35 DESCRIPTION OF THE PREFERRED 

systems on the image signals res^iectively output from the EMBODIMENT 
normal image taking means and the Huoresoence image 

taking means. Iq> FIG. 1, a fluorescence endoscope in accordance with an 

In the fluoTe.scence endoscope m accordance with the embodiment of the present invention comprises an exdta- 

present invention, images formed throxigh the first and 40 source 10 such as a SHG laser which generates 

second objective optical systems by the measuring h'ght excitation light Li, for instance, in a blue region, a con- 

reflected at the same part of the body arc taken by the normal denser letis 11 which condenses the excitation light 1 ,1 and 

image taking means and the fluorescence image taking a light guide 12 which es formed of optical fibers and is 

means, and an image degradation function of the second disposed so that the condensed excitation light LI enters the 

objective optical system is obtained by performing operation 45 ^S**^ guide 12. The endoscope is further provided with an 

on the basis of the image signals output from the normal illuminating light source 13 which emits white illuminating 

image taking means and the fluorescence image taking light L2 in a direction perpendicular to the optical path of the 

means. Since the degradation function thus obtained is based excitation light LI, a filler wheel 14 which is disposed on the 

on data on images which arc actually taken, the degradation optical path of the excitation light LI at 45** thereto, and a 

function precisely reflects the actual pasition of the endo- 50 drive means 15 which rotates the filter wheel 14. 

scope relative to the part to be observed. Accordingly The filter wheel 14 is provided with a mirror 14a and a 

provided that the position of the endoscope relative to the dichroic mirror 14b fixed tfaereta The mirror 14a reflects the 

part lo be observed when laktng a nuorescence image is held illuminating light as it is toward the condenser lens U. The 

unrfianged from that wh^ the degradation fi)nction is dichroic mirror 146 reflects oiriy a component of the flhi- 

obtained, an extremely accurate image restoration process- ss minating fight L2, which is white light, having a wavelength 

ing can be carried out using a degradation fimction which substantially equal to a peak wavelength of nuorescence T3 

precisely reflects the actual position of the endoscope re la- to be described later toward the condenser kns 11 as 

tivc to the part to be observed, whereby blur of an image due measuring light LZ*. Further the filter wheel 14 is provided 

to insufl&ciem depth of focus of the objective optical system with an opening through v^^ch the excitation light LI passes 

can be weU removed. ^ the filter wheel 14 to impinge upon the condenser lens 11. 

Furtlier in the fluorescence endoscope of the present The filter wheel 14 is driven by the drive means 15 and is 

invention, since there is required no distance measuring selectively positioned in one of a first position where the 

means, the strucmrc of the endoscope can be relatively opening is on the optical path of the excitation Kghl Lt so 

simple. llial the excitation light LI passes the filter wheel 14 and 

It has been known fliat blur of an image can be effectively 65 impinges upon the condenser lens 11, a second position 

removed by an image resujralion processing using a point where the mirror 14a reflects the illuminating light 12 

spread fimction or the like of the objective optical system as toward the condwiser lens U and a third position where the 
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(Hchruic mirror 14fr reflects the measuring ligbt L2* toward absoibed by ihe diagnostic pan 30 emits fluurescence L3. A 

the condenser lens U. part of the fluorescence L3 is reflected by the beam spliuer 

The light guide 12 is contained in a forceps passage 17B 19 to impinge upon the fiuoresoence image taking means 22. 

in a flexible probe 17 whidi is inserted into a body 16. A Ai this time a fluorescence image of the diagnostic part 30 

beam splitter 19 is disposed in the probe 17 and an objective 5 by the fluorescence T 3 is Ibrmed on the fluorescence image 

lens 20 is disposed forward of the beam splitter 19. taking means 22 by the objective lens 20 and the fluores- 

The beam splitter 19 reflects downward a part of light cence image is taken by the fluorescence image taking 

impinging thereon and traismits the other part of the light as means 22. The cxcilalion light LI which is reflected by the 

will be described later. A excitation HgJit cut filter 21 and a diagnostic part 30 and travels toward the fluorescence image 

fluorescence mage taking mca^ 22 an; disposed m this jq ^ukin^ means 22 is cut by the exdlalion light cut filler 21. 

order below the beam splitter 19. The fluorc-scence image ^ . . < ..^ . ^ ^ 

taking means 22 may comprise, for instance, a CCD, and the ^ ^^^^ f Soal SI, representmg the fluorescence linage, 

fluorescence image laW means 22 is connected to an output from the fluorescence image takii^ means 22 is mpul 

image processing system 23 and an image display system 24 }^*^ ^^^^^ display means 24 and the fluorescence image 

which may comprise, for instance, a CRT. The light passing ^ displayed by the image di.splay means 24. Since the 

through the beam splitter 19 impinges upon a normal image photosensitive material has affinity to tumor, only an image 

taking means 25, which may comprise, for instance, a CCD. of the tumor part is basically displayed, 

llie normal image taking means 25 is also connected to the When the fluorescence image is taken, the adjustable 

image proce.s.<;ing system 23 and the image display system diaphragm 26 is fiill opened so that the weak fluorescence 

24. 13 enters tlie fluorescence image taking means 22 as much 

Operation of the fluorescence endoscope will be described ^ as possible. When the adjustable diaphragm 26 is full 

hereinbelow. A photosensitive material which has affinity to opened, the depth of focus of the objective lens 20 is reduced 

tumor and emits fluorescence when excited by light has t«en and blur is apt to be generated in a pan of the fluorescence 

absorbed by a diagnostic part 30 of the body 16. The image takexL Removal of aich blur wifl be described here- 

photosensitive material may be, for instance, porphyrin. inbelow. 

When the cxcilalion Hgjbt LI is projected onto the diagnostic ^ The fluorescence image signal SI output fiom the fluo- 

part 30, the photosensitive material emits fluorescence L3 rcsccncc image taking means 22 is also input into the image 

and when the ilhiminating light 12 or the measuring light processing system 23 and is subjected to an image restora- 

L2* is projected onto the diagnostic part 30, the iUuminating tion processing using a point spread function of the objective 

light L2 or the measuring light L2' is reflected by the ^ lens 20. SpecificaUy a deconvolution processing using the 

diagxzostic pari 30. aforesaid various filters is carried out as the image restora- 

Whcn a normal image is to be observed, the iUuminating tion processing. 

lightstujrcel3isenergizetl,andlhefilU5rwheell4isrolaled chit of such processings, a typical processing using a 

to tlie sea^od |M>sition where the mirror Ua reflects the so-called reverse filter will be described below, 

illuminating light L2 toward the condenser lens 11. The ^i- * * 4^ *u 1 • 

flhunimiing light L2 emitted from the illuminaung light ^^"""A T ^^^f. 

source 13 ^cTdensed by the condenser lens 11 an/cntS expressed by (x, y) a.d a coordmate system 

the Ught guide 12. lUe illuminatiog Ught L2 propagates ZT ITT ^ ^ ' ^ '>^^""f f ^^'^Sfi and 

tu^^..Zu ^ul V ^u* A * T *i r f J ™® degraded miage are expressed respectively by f(x, y) and 

^?h.^S? ^^^17 , ^» ■ ^T:^'^ S(^' y). the following «lItion holds ^ ^' 

of the light guide 12 to illummate the diagnostic part 30. ^ "^"^ 

A part of the ifluminating light L2 reflected by the s(x,y>!lh(x,y,x',y')f(x',y'^'<fy''^n(jc,y) 
diagnostic part 30 passes through the beam f^litter 19 to 

impinge upon the normal image taking means 25. At this wherein, h(x, y, x*, /) is a degradation functiori, and n(x,y) 

time, a normal image of the diagnostic part 30 by the is noise. When there is no noise, a degraded image of a point 

reflected ilhmiinating light L2 is formed on the normal ^5 lig^it source represented by £(x', y')»d(x'-a), y'-p) Ls h(x, y, 

image taking means 25 by the objective lens 20, and the «, P), Accordingly h(x, y, ot, p) is a point spread function 

normal image is taken by the normal image taking mpans 25. which is independent of the position (a, p) of a point on the 

An image signal S2, representing the normal image, output original image. 

firom Ihe normal image taking means 25 is input into Ihe If degraded image of a point docs not exists in the 

image display means 24 and the normal image is displayed position of the point except translation, the above relation is 

by the image display means 24. ejqjressed by convolution as follows. 

An adjustable diaphragm 26 is disposed between the ^ \ rn./ *vj_j- _/ n 

objective lens 20 and tte beam splitter 19 and is dosed to a ^"^^^^ lKx'xf.y-yy(.A yyix dy 

predetermined diameter to inoease the depth of focus of the when it is assumed that noise is negligible, the above 

objective lens 20 when the normal image is taken. 55 formula may be as follows. 

When a fluorescence image is to be taken, the excitation 

light source 10 Ls energized and the filter wheel 14 is rotated s(Ay>l lKJ^-Jc"^yV(je',yyix'dy' 
to the first position where the opening is on the optical path 

of the excitation light T.l so that the excitation light M Fourier transforms of the both sides of this 

passes the filter wheel 14 and impinges npon the condenser 60 ^ oonvohxtion theorem is apphed thereto, the 

lens 11. The excitation light LI emitted from the excitation followmg formula holds, 

light source 10 is condensed by the condenser lens 11 and o(tuv)^MtLvu-( v\ 

enters the light guide 12. The ex(^tation light LI propagates -^w 

through the Hghl guide 12 and emanates fiom the front end wherein F(u, v), G(u, v) and H(u, v) arc Fourier iransibrms 

of the light guide 12 to impinge upon the diagnostic part 30. 65 of f(x, y). g(x, y) and h(x, y), respectively, and H(u, v) is a 

When the excitation light LI is projected onto the diag- transfer function of a system for converting an original 

nostic part 30. the photosensitive material which has been image f(x, y) to a degraded image g(x, y). 
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By taking a reverae Fburier iransform of G(ii, v)/H(u, means 22 are formed by the isame objective kns 20, Ihc 

the origiDal image can be restored. Accordingly 1/H{u, v) is image signals S2 and SI represent images of the same part, 

referred to as ''a reverse filter". The image procesang system 23 calculates a deterioration 

The image signal SI' which has been subjected to the function h(x, y, x*, /) for each position (x, y) on the basis of 

image restoration prrujessing is input intn the image di^lay s the image signals SI and S2 thus input into the image 

means 24 and a fluorescence image is displayed by the pioce^ing system 23. The image processing system 23 

image display means 24 on the basis of the image signal Si'. stores the deterioration foactions h(x, y, x*, yO thus obuined 

In this particular cmbodimcnl, the fluorescence image is in a built-in memory and reads out the same when the 

displayed on the image display means 24 together with a aforesaid image restoration processing is to be carried out, 

fluorescence image reproduced on the basis of the original 10 The processing of obtaining the deterioration functions 

image signal SI. This arraugemeul allows the restored image h(x, y, x', y') is carried out just before a fluoresceuee image 

to be compared with the original image, whereby the effect is taken and displayed. When the fluorescence image is 

of the image resloration processing can be conllrmcd. taken and di^^layed, the position of the objective lens 20 

Further in the embodiment described above, the command relative to the diagnostic part is held undianged from that 

for carrying out the image restoration processing on the 15 when the degradation functions are obtained. In this maimer, 

image signal SI is manually input by use of an input means an extremely accurate image restoration processing can be 

27 such as a keyboard. Accordiagly, whether the image carried out using the degradation functions h(x, y, x*, y') 

restoration processing is to be carried out can be selected. which precisely reflect the actual position of the objective 

However since blur is apt to be generated when the lens 20 relative to the diagnostic part 30. 

adjustable diaphragm 26 is in fufl open, it Ls passible to irtput 20 In general clinical treatment and the like, a step of 

the coTitT[>1 signal of the adjustable diaphragm 26 alst> into displaying a normal image of a tumtjr suspect portion and 

the image pn>cessing system 23 and to aulomaticaUy carry observing the same, a step of taking the measurement 

out the image restoration processing when the diaphragm 26 images with the adjufOable diaphragm full opened and 

is full opened- 'this simplifles the ojwration of the operator. obtaining the degradation functions, and a step of taking a 

Determination of the point spread function of the objcc- 25 fluorescence image and restoring the fluorescence image arc 

live lens 20, i.e., the degradation function h(x, y, x*, y'), will performed in sequence. 

be described hereinbelow. When determining the point When a fluorescence image is taken and displayed, 

spread function, the illuminating light source 13 is energized unevenness on the diagnostic part 30 makes ununiform the 

and the alter wheel 14 is rotated to the third position where amount of the excitation light LI to which each portion of 

the dichroic mirror 146 reflects the measuring light L2' 30 the diagnostic part is exposed, which results in fluctuation in 

toward the condenser lens U. ilie component of the illu- the intensity of the fluorescence L3. 'Ihe fluctuation in the 

minaUng light L2 having a wavelength substantially equal to intensity of the fluorescence L3 due to uminiformity of the 

a peak wavelength of fluorescence 13 js reflected by the excitation light 14 capijot be distmguished from that due to 

dichroic mirror 14b toward the condenser lens 11 as mea- fluctuation in the concentration of the photosensitive 

suring hght L2\ Ihc measuring light L2' is condensed by the 35 material, that is, flucmation in the intensity of the fiuons- 

condenser lens tl and enters the light guide 12. The mea- cence 13 depending on the condition of the tumor. 

5uu-ing hght X2* propagates through the hght guide 12 and In .such a case, by talcing a measurement image of the 

emanates from the front end of the light guide 12 to impinge diagnostic part 30 by the measuring light L2, just before 

upon the diagnostic part 30. taking a fluorescence image and normaHzing a fluorescence 

A part of the measuring light L2' reflected by the diag- 40 image signal SI* on the basis of the image signal represenl- 

nostic part 30 passes through the beam splitter 19 and ing the measurement image, the components due to unum'- 

impingcs upon the normal image taking means 25, Al this formity of the excitation li^t LI can be removed, 

time, an image (measurement image) of the diagnostic part In the embodiment described above, a single objective 

30 by the measuring lig^it L2' is formed on the normal image lens 20 is used both for forming the normal image and the 

taking means 25 by the objective lens 20, and the measure- 45 flxusrescence image, and the normal image and the fluores- 

ment image is taken by the normal image taking means 25. cence image are taken by separate image taking means 25 

An image signal S2, representing the measurement image, and 22. 

output from the normal image taking means 25 is input into However the nomnal image and the fluorescence image 

the image proccssii^ system 23. may be formed by separate objective optical systems. In this 

When the mea.surement image is taken, the adjustable 50 case, parallax between the objective optical systems can 

diaphragm 26 is kept closed. cause distortion of the image. Accordingly, in such a case, it 

thereafter, the adjustable diaphragm 26 is fuU opened and is preferred that the image signals SI and S2 output from the 

an measurement image i.s taken by the fluorescence image nuoreseenec image taking means 22 and the normal image 

taking means 22. Also, in this case, the measuring light L2' taking means 25 when the measurement images are taken be 

is projected onto the diagnostic part 30 and a part of the 55 subjected to processing for correcting distortion of the 

measuring light L2* reflected by the diagnostic part 30 is images due to parallax between the objective optical sys- 

reflected by the beam splitter 19 to impinge upon the terns. For example, the correction can be performed by 

fluorescence image taking means 22. At this time, a mea- coordinate transformation using correction data depending 

surement image of the diagnostic part 30 by the measuring on distortion of the images due to parallax which are stored 

light L2' is formed on ihe fluorescence image taking means dO ia a look-up table. 

22 by the objective lens 20, and the measurement image is Further in the fluorescence endoscope of the present 

taken by the fluorescence image taking means 22. An image invention, both an objective optical system and an image 

signal SI, representing the measurement image, output from taking means may be used for taking a normal image and 

the fluorescence image taking means 22 is input into the taking a fluorescence image. However, even in this case, it 

image processing system 23. 65 is impossible for the single image taking means to take 

In this example, since the images taken by the normal measioement images through the normal image taking sys- 

image taking meaiB 25 and the fluorescence image taking tern and the fluorescence image taking system at one time. 
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Aixxiniiiigly, il is necessary io take a measurement image an uperaliun means which obtains an image degradation 

through the normal image taking system with the adjustable function of the second objective optical system through 

diaphragm closed and then take a measurement image operation using image signals respectively output fiom 

through the fluorescence image taking system with the ^hc normal image taking means and the fluorescence 

adji]5;tahle diaphraem full opened. s - , . 

u • *u I- J- J 1. J i_ i_ * image taking means on the basis of images formed 

Though, m the embodiment described above, a photosen- ^. ^ . " ^ , ^ ^ . • . 

sitive material is given to the diagnostic part in advance, the ^^^^^^ ^J^*^^ <^P*^*^ ^y^^^ 

prcsenl invention may be applied to a case where a fluorcs- measurmg light reflected at the same part of the 

cence image formed by auto-fluorescence emitted from the body, and 

intrinsic pholu^nsiUve material is litken. lO an image processing means which carries out an image 

What is claimed is: restoration processing on a fluorescence image signal 

1. A fluorescence endoscope comprising output from the fluorescence image taking means im 

an illuminating light projecHing system which projects the basis of the image degradation function. 

illuminating light onto a part inside a body, 2. A nuoiescencc endosctjpc as defined in claim 1 in 

a first objective optical system which is inserted into the which the measuring light prcgecting system emits light 

interior of the body and causes the flluminating light substantially equal in spectrum to the fluorescence emitted 

reflected at the part of the body to form a normal image pan of the body upon exposure to the excitation 

of the part, ^ y 

a normal image takii^ means which lakes the image 3. a fluorescence endoscope as dciincd in claim 1 in 

formed by the objective optical system and outputs a ^hich the measuring light projecting system emits Mit 

normal image signal representing the normal image, having a wavelength substantially equal to a main peak 

an excitation light projecting system which projects onto wavelength of the fluorescence emitted from the part of the 

a part inside the body excitation light having a wave- body upon exposure to the excitation light, 
length m the excitation wavelength range of a jrfioto- 25 4. A fluorescence endoscoj^e as defined in claim 1 in 

sensitive matenal, which the degradation function is a point spread function of 

a second objective optical system which causes fluores- the second objective optical system. 

cence emitted from ttie part to form a fluorescence 5. a fluorescence endoscope as defined in chdm 1 in 

unage, and which the first and second objective optical systems are 

a fluorescence image taking means which Uikes the fluo- ^0 formed separately from each other and there is provided a 

rescence image formed by the second objective optical means for carrying out processing for correcting distortion 

system and outputs a fluorescence image signal rcpre- of the image due to paraUax between the first and second 

senting the fluorescence image, objective optical systems on the image signals respectively 

wherein the improvement comprises output from the normal image taking means and the fiuo- 

a measuring l^t projecting system which projects mea- rescence image taking means, 
suring light having a wavelength in the wavelength 

range of the fluorescence onto a part inside the body, ***** 
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Fluorescein electronic endoscopy: 
a novel method for detection of early 
stage gastric cancer not evident to 
routine endoscopy 

EkapotBhunchet, MD, PhD, Hiroya Hatakawa, MD, Yoshinori 
Sakai, MD, Toshikatsu Shibata, MD, PhD 

Background: Fluorescence endoscopy with fluorescein 
sodium in the stomach was evaluated by using a newly 
developed fluorescence electronic endoscopic system 
Methods: Sixteen patients with early stage gastric can- 
cer diagnosed by white light endoscopy and chromoen- 
doscopy underwent fluorescein electronic endoscopy 
before surgery. The resection specimens underwent 
thorough histopathologic evaluation. 
Results: About 10 seconds after intravenous injection of 
fluorescein, fluorescence appeared and immediately 
spread throughout the gastric surface. A few minutes 
later, differentiated early stage gastric cancere with more 
abundant stroma than surrounding normal mucosa 
exhibited significantly stronger fluorescence, and those 
with less stroma exhibited weaker fluorescence than the 
surrounding normal mucosa. Undifferentiated early stage 
gastric cancere, In which the stroma became wider 
because foveolae were collapsed from malignant inva- 
sion, expressed stronger fluorescence intensity In all 
cases, the borders of early stage gastric cancere were 
clearly demonstrated. Among the 16 patients, 6 accom- 
panying flat lesions and 1 tiny lesion not evident by rou- 
tine endoscopy were detected. The extent of the cancere 
as determined by fluorescence endoscopy, were similar 
to those determined histopathologically. 
Conclusions: Fluorescein electronic endoscopy Is use- 
ful in determining the extent within the mucosa of gas- 
tric cancers when this Is obscure by standard endo- 
scopic observation, and for detecting extremely early 
stage cancer that Is not evident by conventional endo- 
scopic observation. 

Therapeutic endoscopic methods, such as endo- 
scopic mucosal resection, laser irradiation, micro- 
wave coagulation, and electrosurgical resection of 
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polypoid early stage gastric cancers, have he 
mcreasingly important as the population in ^^^""^ 
societies ages.i-3 Howevei^ there are severS 
lems with the use of these therapeutic mod^tfe?^ ■ 
the treatment of GI cancer: (1) The exact extenf ^ 
cancer within the mucosa must be known to av ? 
the problem of residual cancer after treatment 
To obtam a cure, the lesion must be detected alii- 
treated while it is still small. (3) The detection rat. ' 
of mmute flat lesions, most of which are not evidS ^ 
to routine endoscopy, must be improved. 

Double-contrast radiography and conventional ' 
endoscopy together with chromoscopy (dye-spraying ' 
techmques) are effective in detecting cancerou! 
lesions that are elevated above the plane of the ■ 
adjacent normal mucosa (types I and Ha, Japanese "'' 
classification of gastric carcinoma) or depressed rel 
ataye to the adjacent normal mucosa (types He and ' 
III). However, there is stiU no effective technique for 
detection of, and determination of the extent of flat 
lesions level with nearby normal mucosa (type lib) - 
In carcmomatous tissue, cellular and structural ' 
atypia of the epithehum should be accompanied by ' 
changes m the stroma including internal vascular . 
structures. Therefore, by contrasting the abnormal ^ 
vascular structure, the area of the mucosa that con- ' 
terns a gastric malignancy, including the early stage 
flat type cancer, could be clearly revealed. The aim 
of the present study was to evaluate a new type of - 
endoscopy based on this hypothesis, by means of 
which It may be possible to precisely detect the extent 
ot early stage gastric cancers within the mucosa 

To test this hypothesis, black ink was injected in a 
pilot study mto the main gastric arteries associated • 
with resected stomachs. Fluorescent substances can 
also be used to contrast vascular structures in vivo ' 
Fluorescem sodium is a widely used in ophthahnology 
to show the fine vascular structure of the retina By 
usmg a fiberscope, Katsu et al.4-6 succeeded in 1975- 
1976 m observing and recording the fluorescence of - 
fluorescem sodium on the stomach surface. However 
fluorescem fiberoptic endoscopy has a clear disadvan- 
tage: the images are dark. A new fluorescence elec- 
tax)nic endoscopic system was developed that produces 
bright, high resolution images. With this system, 
changes m fluorescence within the gastric and colonic 
mucosa can be observed in real time after intravenous 
mjection of fluorescein sodium. The present study, 
usmg this new fluorescence electronic endoscopic sys- 
tem, documents the findings of fluorescein electronic 
endoscopy (FEE) in early stage gastric cancer 

PATIENTS AND METHODS 

This protocol was approved by the ethics committee of 
our hospital. 
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Scontrasting gastric mucosal vascular structure with ink 

Eleven resection specimens of hvunan stomach obtained 
total or subtotal gastrectomy performed for a diaposis 
nf early stage gastric cancer were used. Black ink was 
^^iected into either the left or right gastric arteiy after per- 
^ Ssion with heparinized saline solution. The resection spec- 
imens were fixed with 15% formalin overnight and then 
ied with a stereomicroscope (B071, Olympus Optical 
ro Ltd , Tokyo, Japan). Subsequently, the specimens were 
Xudied with routine histopathologic methods. If necess^, 
to match the findings by stereomicroscopy and histopatho- 
logic examination after preparation of histologic sections, 
the paraffin blocks were resolved and tissue blocks were 
restudied with the stereomicroscope. 

WIethodoiogy for fluorescence electronic endoscopic 
system 

Stains of diluted fluorescein sodium on white paper were 
observed with a standard white Ught ^^^<^^f^^^^^°?^^ 
system and with an electronic endoscope (GIF-X«^00, 
Olympus) with a barrier filter (Wratten FUter No^l5, 
Batman Kodak Co., Rochester, N.Y.) attached to the objec- 
tive lens The observations were made without an exciter 
filter (Wratten Filter No. 47A, Kodak), a type of filter rec- 
ommended for exciting fluorescein, and without an adjuster 
filter (light balancing, blue [LBB 200], Olympus), and with- 
out either of these filters being placed in firont of the lamp 
in the Ught source. The light source and video processor 
used were, respectively, the CLV-U20D (Olympus), and CV- 
200 (Olympus). Transmission characteristics ot ttie 
adjuster, barrier, and excitor filters are shown in Figure 1. 

FEE of early stage gastric cancer 

The adjuster and barrier filters, electronic endoscope, 
light source, and video processor used in vivo were the same 
as those described above. Sixteen patients with histopatho- 
logically confirmed early stage gastric cancers found by 
white light endoscopy and chromoendoscopy underwent 
FEE before operation. Informed consent was obtained from 
all patients. An electronic endoscope with a barrier filter 
attached to the objective lens was passed to the stomachy 
Afl»r the lesion was identified, an adjuster filter was placed 
in front of the Ught source and a single intravenous mjec- 
tion of 10% fluorescein sodium of 5, 7, or 10 mL was made 
over a few seconds through a plastic catheter inserted mto 
a forearm vein. Observations were then made with the blue 
channel of monitor being maximized and red channel mm- 
imized Findings were recorded by videotape, color fihn, and 
a video color printer. Patiente subsequently underwent 
operation and the resection specimens were exammed by 
stereomicroscopy and standard light microscopy, and the 
findings compared with those by FEE. 

RESULTS 

Contrasting gastric mucosal vascular structure 
with ink 

After perfusion of the mucosal vascular structures 
with ink, the borderlines between normal gastric 
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Barrier filter 




Acfluster Filter 



sob 600 7ob 

Wave Length (nm) 
Fiqure 1 Graph showing transmission characteristics of 
adjuster, barrier, and excitor filters. The barrier filter blocks 
transmission of blue light completely and passes a I of the 
qreen and red light. The adjuster filter passes mostly blue light 
and portions of green and red light. The excitor filter passes 
only blue light and completely blocks green and red light. 

mucosa and early stage gastric cancers, including 
differentiated and undifferentiated flat type tumors 
and even between different types of normal gastac 
mucosa, were clearly and precisely revealed. This 
was because the surface microstructure, that is, fove- 
olae and interfoveolar processes, and vascular struc- 
tures within the interfoveolar processes, of these tis- 
sues differed significantly, and thus there were 
different degrees of darkness in the mucosal surface. 
Mucosa with broad and large interfoveolar processes 
containing smaU numbers of blood vessels appeared 
whitish. In contrast, those with narrow and small 
interfoveolar processes containing large numbers ot 
blood vessels appeared blackish. Even where undif- 
ferentiated cancer cells invaded the mucosal stroma 
only sparsely without causing any change in the siir- 
face foveolar pattern, the extent of the tumor m the 
mucosa was easily observed after the ink mjection. 
This was because interfaveolar processes with stro- 
ma invaded by undifferentiated cancer cells became 
edematous, and thus looked more whitish compared 
with those without cancer cells. 

Case 1 

Case 1 is a representative case of a gastric cancer, 
the extent of which was not correctly recognized by 
routine endoscopy. A 16 x 20 mm elevated lesion was 
found on the posterior wall of the antrum. Endo- 
scopically, the entire lesion appeared homogenous 
(Fig 2) However, in the ink-injected specimen, only 
the top area became whitish (Fig. 3). Under high 
magnification stereomicroscopy, a clear-cut border- 
Une between the whitish and blackish parts of the 
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Figure 2. Endoscopic view of a homogenous-appearing ele- 
vated lesion, about 16 x 20 mm, in antrum. 




Figure 3. Photomicrograph of macroscopic appearance of 
same lesion as in Figure 1 after injection of ink into mucosal 
vascular structure (x2). Arrowheads indicate line where 
lesion is elevated from the gastric surface. The top of the 
lesion is whitish whereas the remaining portions appear 
blackish. On the smooth surface, there are also whitish areas 
(asterisks) confirmed to be intestinalized gastric mucosa. 
The blackish areas were confirmed to be pyloric gland 
mucosa. 

lesion was observed (Pig. 4A). ffistologic examination 
indicated that only the top whitish area was adeno- 
ma with moderate atypia whereas the blackish area 
was hyperplastic pyloric gland mucosa (Fig. 4B). 

Methodology for fluorescence electronic endo- 
scopic system 

Under white hght, the fluorescein sodium stains 
on white paper appeared with the endoscope as yel- 
lowish and without fluorescence (Fig, 5A). But, with 
the barrier filter alone (attached on objective lens), 
the fluorescein stains exhibited white fluorescence 
(Fig. 5B), which became strongest when the elec- 
tronic signal of the blue channel of the monitor was 




Figure 4. A, Stereomicroscopic photograph of lower portion | 
of elevated lesion in Figure 3 (x10). Note clear-cut borderline 
between whitish and blackish area. B, Photomicrograph of I 
histologic section cut on the fine shown in A and observed S 
from the left side (arrow) (H&E, orig. mag. x12). The whitish t 
area appears to be atypical epithelium of the type associat- f 
ed with adenoma, and blackish area appears to be hyper- 'I 
plastic pyloric gland mucosa. Arrow indicates borderline | 
between these two. Arrowhead denotes place where entire I 
lesion rises above gastric surface. 

maximized (Fig. 5C) and weakest when the blue I 
channel was minimized (Fig. 5D). Strengthening the | 
red channel made the white paper look orange (Fig, | 
5E), whereas weakening this channel made the f 
white paper look green (Fig. 5F). However, strength- 
emng and weakening the red channel produce httle 
influence in the strength of white fluorescence aris- 
ing in the fluorescein stains (Fig. 5E and F), With 
the adjuster filter in firont of the light source and \^ 
barrier filter on the objective lens, the fluorescence 
of the fluorescein stain became brighter and its con- ^ 
toTir was sharper (Fig. 5G, compare with Fig. 5B). 
The white paper looked yellow, but dimmer com- 
pared with the image of the barrier filter alone (Fig. 
5B and G). With exciter filter and barrier filter the 
fluorescence looked bluish with sharp outlines, but 
the white paper became dark and its contour could 
not be observed (Fig. 5H). The brightness of fluores- 
cence obtained fi-om the combination of excitor and 
barrier filter (Fig. 5H) was weaker than that 
obtained by the combination of adjuster and barrier 
filter or barrier filter alone (Fig. 5C). 
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Figure 5. Photograph^ showing appearBRces of fluorescein stains on white paper observed with an 

w^r^r^^nditions A White iiqhf B-F. with barrier filter alone attached to objective lens; G, with an adjuster filter in front o hght 
Zuo!^6t^^r fm^rh^^Jrthan exciter filter in front of light source and a barrier filter. efmax;,BfrnecyABrm/n;: strength of b ue 
cSan^^^^^^ moniton r^i^^^ medium, and minimum, respectively. R(rnax),R(med).R(rnln): strength of red channel on monitor. 




Figure 6. A, Fluorescence endoscopic view of minute flat gastric cancer exhibiting wh^e luorescence (astensk) (5 mL f^^^^ 
cSn sodium) located near a depressed lesion: B, white light endoscopic photograph of same lesion ^o s.^^^^^^^ 

change is evident in the area indLted by asterisk in A. C, Stereomicroscopic photograph of same m.nute ^'^^j^^^'^^^ 
3/7ead indicates edge of depressed lesion. Small arrows in A, B, and C denote the same line. A tissue section on the line 
in C, observed from right side (large arrow), is demonstrated in Figure 7B. 



FEE of early gastric cancers 

Of the 16 patients, 13 had differentiated and 3 
undifferentiated cancer. About 10 seconds after 
intravenous injection of fluorescein, fluorescence 
appeared as a white or white-blue Ught that imme- 
diately spread throughout the gastric surface. A few 
minutes later, differentiated early gastric cancers 
with more abundant stroma than surrounding nor- 
mal mucosa exhibited significantly stronger fluores- 
cence, and those with less stroma exhibited weaker 



fluorescence than the surroimding normal mucosa 
and looked reddish. 

Undifferentiated early stage gastric cancers, in 
which the stroma became wider because foveolae 
were collapsed because of invasion by cancer, 
expressed a stronger fluorescence intensity. In all 
patients, the borderline of early stage gastric cancer 
could be clearly observed. Among the 16 patients, 6 
additional flat lesions and 1 tiny lesion not seen by 
white light endoscopy and chromoendoscopy were 
detected. The extent of these lesions as demonstrat- 
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Figure 7. Same lesion as in Figure 6. A, Stereomicroscopic 
photograph of surface of tissue block after resolving the 
paraffin (methylene blue, orig. mag. x15). y4rroi^/?eac/ indi- 
cates the edge of depressed lesion (lie). Mb with bar denotes 
extent of the minute flat cancer (asterisk). B, Tissue section 
on the line drawn on Figure 6C observed from right side 
(large arrow) (H&E, orig. mag. x15). lie with bar indicates 
extent of depressed lesion, and lib with bar denotes extent of 
the minute flat cancer {asterisk in 6A, 6C, 7A). C, 
Photomicrograph of rectangle in B showing borderline (dou- 
ble arrowheads) between the cancer (right side) and normal 
(left side) mucosa. Note that stroma between the foveolae 
(arrows) Is more abundant in cancerous tissue than in nor- 
mal mucosa (H&E, orig. mag. x30). 

ed by FEE was similar to the extent as determined 
by histologic examination. Two cases are presented 
as examples of FEE. 

Case 2 

A minute flat lesion showing white fluorescence 
under FEE was fovmd adjacent to a depressed carci- 
noma on the anterior wall of the antrum (Fig. 6A). 
At the beginning, the fluorescence of this flat lesion 
was as strong as that of the surroimding normal 
mucosa, but after a few minutes the former became 
stronger whereas the latter faded away. By white 
light endoscopy and chromoendoscopy, this lesion 
did not exhibit any significant finding that suggest- 



ed an abnormahty (Fig. 6B). Its pit pattern observed 
by stereomicroscopy of the resected stomach showed 
mild disarray (Figs, 6C and 7A). Histopathologic 
examination indicated that the histologic type of 
this minute flat lesion as well as that of the main 
depressed lesion was differentiated adenocarcinoma 
with more abimdant stroma than the surrounding 
normal mucosa (Fig. 7B and C). 

Case 3 

A shghtly elevated lesion, 8 x 10 mm, at the gas- 
tric angle with a remarkably obscure outline imder 
white light endoscopy (Pig. 8A) and chromoen 
doscopy (Fig. SB) was observed twice by FEE with 
doses of 10 mL and 7 mL on different days. About 10 
seconds after injection of fluorescein sodium, fluo- 
rescence first appeared from the lesion and soon 
thereafter in the sturounding mucosa. After the flu- 
orescence appeared on the gastric surface, the horse- 
shoe-shaped contour of the lesion became clear 
because of the contrasting effect of FEEI. By using 
the 10 mL dose, the contrasting effect was strongly 
observed but the difference in fluorescence intensity 
between the lesion and sxirroimding normal mucosa 
was not significant (Fig. 8C). It took more than 10 
minutes for the lesion to appear reddish, with weak- 
er fluorescence intensity compared with the sur- 
rounding mucosa. By using the 7 mL dose of fluores- 
cein sodiiun, a few minutes after injection the lesion 
became reddish and sharply demarcated from the 
surrounding mucosa (Fig. 8D). In addition, another 
small (3x4 mm) elevated lesion near the initially 
discovered lesion, which was not apparent to stan- 
dard endoscopy, was first recognized under FEE as a 
reddish lesion against the white fluorescing sur- 
rounding mucosa (Pig. 8E). The contrasting effect 
was weaker compared with that obtained with the 10 
mL dose. Stereomicroscopy of the resection specimen 
demonstrated exactly the same shape of these 
lesions as shown by PEE (Fig. 9). Histologically, 
these 2 lesions were well differentiated adenocarci- 
noma with high glandular density and Uttle stroma 
(Fig. lOA and B; Fig. IIA and B). Interestingly, before 
injection of^orescein sodium with the adjuster fil- 
ter inserted in fi-ont of the fight source and the bar- 
rier filter attached to the objective lens, the larger 
lesion could be observed as a dark area (Fig. 8F), 
which had the same shape as observed by PEE (Fig. 
8D) and stereomicroscopy (Pig. 9), against a bright 
yellow area of normal mucosa. This was the same as 
the fin d in gs by auto-fluorescence (Pig. 8P). 

DISCUSSION 

It is extremely difficult to determine the extent 
of flat-type early stage gastric cancer with double- 
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Figure 8. A, Conventional white light endoscopic view of elevated lesion at gastric angle. B, Chromoendoscopic view of lesion. 
Two marl<ers have been placed proximally next to the lesion. C, Fluorescence endoscopic view (10 mL of fluorescein sodium). 
D, Fluorescence view (7 mL fluorescein sodium). E,.FIuorescence view (7 mL fluorescein sodium). A smaller lesion (arrowhead) 
is now evident distal to the larger lesion (arrow) shown in C and D. F, Autofluorescence endoscopy view. The lesions are 
o bserved under light passing through an adjuster filter with an electronic endoscope with a barrier filter attach ed to the objec- 
tive lens without injection of fluorescein sodium. The horizontal line across E and F is an artifact introduced by the video color 
printer. With the instruments used in the present study, which were adjusted for recording of findings under white light endos- 
copy, the FEE findings were more clearly observed in images produced by the video color printer rather than with color film. 



contrast radiography and conventional endoscopic 
methods. However, increasing the contrast of the 
mucosal vascular architecture by injection of ink in the 
present study indicated that the extent of early gastric 
cancer, including differentiated and imdifFerentiated 
flat type, could be precisely defined. These findings 
strongly suggested that combining a vascular con- 
trasting technique with endoscopy woiold be beneficial. 

Fluorescein sodium is widely used to contrast 
retinal vascular structures of patients with retino- 
pathy The common side effects are mild, mainly yel- 
low staining of skin and urine for a few days.*^ 
Serious adverse reactions are fortunately rare, with 
a frequency of 2 to 5 per 1000 angiograms. Fatal 
reactions have been reported, but occur with a fre- 
quency of less than 1 per 50,000 angiograms^ 

Katsu et al.^® described fluorescein fiberscope 
findings in the stomach in 83 patients including 5 



with esirly stage and 14 with advanced gastric can- 
cers. However, this technique had a decisive disad- 
vantage in that the images were dim because of the 
weakness of the fluorescence emitted from tissue. To 
resolve this problem, fluorescence endoscopic sys- 
tems available commercially use a combination of 
fiberscopes and intensified cameras, and thus spe- 
cial instruments are required. These systems aire 



therefore expensive and difficult to operate. 

Compared with other fluorescence endoscopic 
systems, the FEE system described here, which is 
based on commonly used electronic endoscopic 
instruments, is inexpensive and easy to use. The 
only additional items needed are a thin-fihned bar- 
rier filter (Wratten Filter No. 15, Kodak) and a glass 
adjuster filter (LBB 200, Olympus), which cost less 
than $30. For the present study, the barrier filter 
was attached to the glass covering the objective lens 
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Figure 9. Stereomicroscopic photograph of lesions shown in 
Fig. 8. Arrowheads indicate sites of 2 markers seen in Fig. 8B 
(methylene blue, orig. mag. x4). 



A 




Figure 10. A, Photomicrograph of main lesion in Fig. 9 with 
section made on line 1 and observed from direction of the 
arrow (H&E, orig. mag. x10). B, Photomicrograph at higher 
magnification (H&E, orig. mag. x35) of rectangle in A show- 
ing borderline between the cancer and surrounding normal 
mucosa. Reflecting high glandular density, this tumor had 
less stroma compared with normal gastric mucosa. 

568 GASTROINTESTINAL ENDOSCOPY 



A 




Figure 11. A, Photomicrograph of small lesion in Fig, 9 with 
section made on line 2 and observed from direction of arrow 
(H&E, orig. mag. x25). B, Photomicrograph at higher magni- 
fication (H&E. orig. mag. x85) of rectangle in A, showing bor- 
derline between the cancer and surrounding normal 
mucosa. Reflecting high glandular density, this tumor had 
less stroma compared with normal gastric mucosa. 

of the endoscope with an instantaneous glue, and 
the adjuster filter was placed in the existing filter 
holder within the Hght source. The latter is moved 
with a single touch in or out of light path of the 
lamp. In the hght source (CLV-U20D, Olympus), an 
RGB band pass filter is positioned in fi-ont of the 
lamp and is rotated to create hght in the 3 primary 
colors, that is, red, green, and blue. Thus, tissue is 
illuminated sequentially by hght with wavelengths 
that corre'spond to the 3 primary colors. A black and 
white charge-coupled device (CCD) behind the objec- 
tive lens of the endoscope (GIF-XQ200, Olympus) 
picks up the photons of Hght reflected fi-om tissue 
and generates electronic signals for, sequentially, 
red (R), green (G), and blue (B) reflected hght. The 
video processor (CV-200, Olympus) receives these 3 
electronic signals and reconstructs them on a color 
television monitor (Fig. 12). 

When excited by blue hght (465-490 nm), sodium 
fluorescein in solution emits a yellow-green fluores- 
cence light (520-530 nm).? When viewed with the 
naked eye through the barrier filter, a fluorescein 
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stain on white paper under excitation with blue 
light appears as a yellow stain on dark paper 
because the barrier filter passes the fluorescence 
but not the blue light (Fig. 1). However, in the pres- 
ent study when observed with only the barrier fil- 
ter attached to the objective lens of an electronic 
endoscope without excitation and adjuster filters, 
the fluorescein stains appeared as white fluores- 
cence and the white paper appeared yellow on the 
television monitor (Fig. 5B). This can be explained 
as follows: the primary blue light from the light 
source activated the fluorescein sodium to yield yel- 
low fluorescence and concomitantly was reflected 
almost completely firom the white paper. The yellow 
fluorescence totally passed through the barrier filter 
whereas the blue Ught was completely blocked. The 
black and white CCD behind the barrier filter 
received only the yellow fluorescence fi-om the fluo- 
rescein stain, which became an electronic signal in 
the B channel. Therefore, when looking at the B 
channel on the monitor, the fluorescein stains 
appear bright blue and the white paper appears 
dark. During the green (G) and red (R) phases of 
illumination, the reflected primary green and red 
light fi*om the fluorescein stains and white paper 
are not markedly different in strength and the bar- 
rier filter does not block the green and red hght (Fig. 
12), thus on the G and R channels, both the fluores- 
cein stain and the white paper appear bright. These 
observations can be confirmed for each channel by 
disconnecting the other 2 channels firom the moni- 
tor. Reconstruction of the R, G, and B channels on 
the monitor results in an image that shows the 
stains to be white (bright blue -i- green + red) and the 
paper yellow (only green + red) (Fig. 13). As 
explained above, the fluorescent image was picked 
up by B channel. This is why the white fluorescence 
of the fluorescein stain appeared strongest when the 
electronic signal of the B channel was maximized 
(Fig. 5C) and appeared weakest when this signal 
was minimized (Fig. 5D). The adjuster filter used in 
the present study passes mostly blue hght and a Ut- 
tle green and red Hght (Fig. 1). When placed in firont 
of the hght source, it concentrates the blue Ught dur- 
ing the B phase of iUumination and cuts off' some 
portions of green and red hght during the G and R 
phases. That is why, with a combination of adjuster 
and barrier filters, fluorescein stains exhibited 
stronger fluorescence and their outlines were 
emphasized, whereas the background, that is, the 
white paper, still appeared yellow (Fig. 5G) but dim- 
mer than without the adjuster filter. Hie exciter fil- 
ter selectively passed blue hght but not green or red 
hght (Fig. 1). Thus, with this filter and the barrier 
filter, during the B phase the fluorescein stain 
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Figure 12. Schematic diagram of fluorescence electronic 
endoscopic system. White paper stained with fluorescein 
was used as the observed object. 

appeared as bright blue and the white paper became 
dark; however, dining the G and R phase both the 
fluorescein stains and white paper become dark 
because primary green and red hght were complete- 
ly blocked. Reconstruction of the 3 channels result- 
ed only in bright blue stains on a dark backgrotmd 
(Fig, 5H). On the final reconstructed image, the flu- 
orescence obtained fi"om the combination of excitor 
and barrier filters (Fig. 5H) was much dimmer than 
that obtained from the combination of adjuster and 
barrier filters, or the barrier filter alone (Fig. 5C). 

The combination of the excitor and barrier filter 
is used in other fluorescence endoscopic systems. 
This explains why the images provided by these sys- 
tems, which are usually composed of 2 colors (blue 
and red, or green and red), are still relatively dim, 
despite the use of an intensified CCD camera. By 
comparison, the system used in the present study 
can produce bright, high quahty images even in an 
organ with a large internal volume, such as the 
stomach, where images tend to be dim. Real time 
changes in fluorescence displayed as white or white- 
blue hght can be observed on a bright background. 
This is because the image provided by our FEE sys- 
tem is a coalescence of the fluorescent image, picked 
up and amplified electrically by the B channel, and 
the background image, which is picked up by the G 
and R channels with hght adjusted by the adjuster 
filter; that is, the image is constructed with all 3 col- 
ors. Because the fluorescence image and backgroimd 
image Eire received by different channels, it is easy 
to recognize firom where the fluorescence is emitted 
on the backgrovmd. 



Just as enhanced CT demonstrates space occupy- 
ing lesions in the hver, brain, and other organs more 
clearly than plain CT, vascular contrasting endos- 
copy should reveal more precisely the extent of 
mucosal caircinoma. In the present study FEE 
detected 6 accompanying flat lesions and 1 tiny ele- 
vated lesion that were not evident by standard 
white hght endoscopy and chromoendoscopy. These 
findings strongly suggest that FEE is useful in 
determining the extent of gastric cancer in the 
mucosa when this cannot be determined by stan- 
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Figure 13. Schematic diagram illustrating design of fluorescence electronic endoscopic system. 



dard techniques and in detecting extremely early 
stage cancers that are not evident by standard 
endoscopy. 

The difference in fluorescence intensity between 
cancer and normal gastric tissue reflects the differ- 
ence in the volume of fluorescein sodium within 
these tissues. Fluorescein sodium leaks from the 
blood vessels of all organs except the brain and eye. 
After a single injection into a vein, fluorescein sodi- 
um reaches the gastric surface and immediately 
leaks from capillaries into stroma and probably 
drains into l5rmphatics, which carry it away from the 
mucosa. Factors that may cause the difference in 
volume of fluorescein sodium in different types of 
gastric mucosa are differences in the stroma as well 
as vascular density and permeabihty In the present 
study, which included 16 early stage gastric cancers, 
fluorescein accumulated to a greater extent in 
mucosa with abundant stroma and faded quickly 
from mucosa with less stroma. As described above, 
free fluorescein leaking from blood vessels into 
mucosal stroma plays an extremely important role 
in FEE and is responsible for the different intensi- 
ties of fluorescence between normal and cancerous 
mucosa. Fluorescein, like other, acidic substances, 
combines easily with senmi proteins. ^ Protein- 
combined fluorescein does not leak from blood vessels 
and emits less fluorescence than free fluorescein.^ 
Free fluorescein can be increased by increasing the 
amoimt of fluorescein sodium injected. However, in 
case 3, with a dose of 10 mL, a strong fluorescence 
intensity and contrasting effect was obtained, but 
the difference in fluorescence intensity between can- 
cer and normal gastric mucosa was not so signifi- 



cant. In our experience, good results were usually 
obtained with a dose of 7 mL; overall fluorescence 
intensity was strong enough and the difference 
between a lesion and svirrounding normal mucosa 
became clear a few minutes after injection. Further 
case studies are needed to determine the optimal 
dose of fluorescein sodium, which may depend on 
body weight and plasma protein level. 

FEE appears to be a powerful method for deter- 
mination of the precise extents of previously diag- 
nosed lesions. Moreover, FEE detected small early 
stage gastric cancers, including differentiated (case 
2 and 3) and undifferentiated (not shown) flat type 
cancer that were not apparent by standard white 
light endoscopy and chromoendoscopy However, 
FEE findings per se are not diagnostic. For example, 
other than differentiated cancers with abundant 
stroma (case 2) or imdifferentiated cancer, isolated 
intestinahzed gastric mucosa and atrophic gastric 
mucosa, in which there are fewer glands and more 
abimdant stroma, also exhibited a stronger fluores- 
cence intensity than surrounding tissue. A benign 
area with "a reddish depressed lesion-like appear- 
ance suggesting malignancy under white light 
endoscopy usually appeared similar under FEE to 
cancer, although with a more exaggerated appear- 
ance. Therefore, a biopsy is needed for definitive 
diagnosis. However, a finding of potential diagnostic 
value is the lesion, not evident by white Ught endos- 
copy, that becomes reddish by FEE with weaker 
fluorescence intensity compared with that of the 
surrounding mucosa. This finding impUed that the 
lesion had small amounts of stroma, that is, had a 
high glandular density, the common characteristic of 
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adenoma and adenocarcinoma (case 3). In fact, 11 of 
the 16 early stage gastric cancers in the present 
study exhibited this finding under FEE. Note that 
the information provided by FEE is hmited to the 
mucosa. In the present study, 2 cases of imdifFeren- 
tiated gastric cancer with the endoscopic appear- 
ance of early stage cancer were foimd microscopical- 
ly to be invading the muscularis propria. FEE 
precisely demonstrated the extent of these cancers 
in the mucosa but provided no information as to 
depth of invasion. 

Other fluorescence endoscopy systems have been 
developed for the detection of smsdl cancers and the 
determination of their extent, such as photodiagnosis 
and autofluorescence endoscopy.^"^^ Photodiagnosis 
might prove to be the most sensitive technique for 
detection of minute cancers. The photo sensitizers 
used in photodynamic diagnosis selectively locahze 
within neoplastic tissue compared with surroimding 
normal tissue.^-^i But patients must avoid strong 
Hght for a few weeks to prevent severe side effects 
caused by these photosensitizing substances. 
Autofluorescence endoscopy does not require use of 
these agents and therefore has less potential for side 
effects and compHcations. However, in a study of auto- 
fluorescence endoscopy in stomach cancer with the 
light-induced fluorescence endoscopic imaging sys- 
tem, the detection rate for cancers limited to the 
mucosa was 57.5%, and mucosal thickening, as a 
result of cancer cell invasion, had a major impact on 
the detection rate.^^ 

Compared with other methods and systems for 
fluorescence endoscopy, FEE is better suited to 
screening for early stage gastric cancers for the fol- 
lowing reasons: (1) FEE images are bright and of 
high quality so that findings from the images are 
not smaller than those provided by white light 
endoscopy and chromoendoscopy. Moreover, FEE 
can demonstrate structiu-al (i.e., stromal and vascu- 
lar) differences between cancerous and normal 
mucosa as difference in fluorescent intensity, 
regardless of morphologic characteristics and color 
of tumors. FEE, therefore, reveals even flat-typed 
early stage gastric cancers that do not cause an 
appreciable change in color, and are usually not vis- 
ible by white light endoscopy or chromoendoscopy. 
However, the FEE findings are not diagnostic of can- 
cer and biopsies are still needed for definitive diag- 
nosis. (2) By virtue of its long-standing use in other 
fields, ophthalmology in particular, fluorescein sodi- 
vun is known to be an extremely safe agent. (3) The 
FEE system described here is inexpensive and easy 
to operate. 
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[57] ARSTRACr 
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pu^ut signal of a color filter detecting device, detecting 
the timing when the color filters are interposed in a light 
path» is used to produce trigger signals having difTerent 
delay amounts. The light emitting timing of the lamp is 
delayed relatively from the time when the color filters 
are interposed in the light pa& to control the emitted 
ligjit anaouttts of the colored ligjbt 
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fed to a color signal synchFonizixig circuit 132. After a 
Ul^iT SOURCE DEVICE FOR AN ENDOSCOPE pied^emnned period (corresponding to the ligiit inter- 
WHICH MAINTAIN A CONSTANT cepdng period) frron this synchronizing pulse, only for 

MINIMUM-DC CURRENT a fixed period (correqjonding to the exposure period), 

- . ^ ^« color signal synchronmng circuit 132 feeds a color 

This IS a divisional ^hcation of U.S. Pat No. synchronizing si^ial to the pulse generating circuit 112 
4»80(^424. tijg jjjj^y synchronized with the 

B ACKOROUND OF THE INVENTION nation of the rotary filter 124 and may emit a light 

T?*iJiFi.i.T ^ jT»w^^* o*^y ^ ^ exposure periods of the respective colors. 

Field of the Invention and Related Art Statement lo outp^^ ofthe CCD 108 is^to the Kght 

This invention relates to an endoscope Ught source source device 102 side through a signal line and connec- 

apparatus provided with a means of controlling an illu- tor 138 within the electronscope 100 and is input into a 

nrnmring amount to an object to be imaged. signal processii^ circuit 140 making an amplification. 

In an oidoscoi^ observation» an exclusive light clamping and various corrections. The output of the 

source ^iparatns is used so that an illuminating light signal procesang circuit 140 is fed to a video circuit 142 

from tiie li^ source ^yparatus may be radiated onto an and a picture image is output in a displaying part (not 

object to be imaged firom a tip of an endosct^ through illustrated). The output of the signal pr€>ces$ing circuit 

light grade fibers within the endoscope. In order to 140 is iniHit also into a difiFerential amplifier 144. The 

adjust the iUuminating light amount m re^tonse to die standard fflgnal of the differential amplifier is given by a 

bri^tness (reflection factor) ofUie object to be imaged, 20 standard voltage circuit 146. The output of the differen- 

a tophragm blade is provided between a connector tial amplifier 144 regulates the diaphragm driving de- 

with the endoscope and a lamp withm the light source vice 126 

T"^' t^^^^^^^^^^^^ plate provided An in^tor is also provided within the signal pro- 

nHaU*ly j^ <«ssing Sit so that thiiUumimidng light am^t^^ 

^Jf^i" w^'^^ such diaphragmblE^ 25 ^^1^*^ ^he difference betweei ^ Ught amount 

S^aSiSlSiiS'bS^^ri^^^ v^^andt^^signalisoperatedby^^ 

varied toadjiTthStamXtS SSTSSf.^^^^ ^' 

guide. A rdated art sample usmg a hon^ombX ^y^^ "^^""^^^ ^ legidated. TTiereby, the 

Jhragm is mentioned Hjapane^ pa^^plication 30 dia^gm b^e 1^ 

No 173832/ 1984 intercepting the light m case the illuminatmg hght is too 
The endoscope'ught source apparatus of the above ^"ifi** and win be inctoed m the direction of opening 
mentioned ralated art example shaU be explained with the light path m case the illummating Ught is too dark, 
reference to FIG. 1. Here, a so^alled electronscope in ™* automatic light adjusting operation is the same not 
which a solid state imagimng device is built within the 35 ^ electronscope but also in an ordinary fiber- 
tip part of an insertable part to hnage an object shall be scope. 

explained A light source aj^iaratus 102 is connected to ^ conv«itional light source apparatus for endo- 

an dectionscope 100. The electronscope 100 is pro- scopes, the diaphragm blade is exclusively for adjusting 

vided with a light guide 106 consistmg of an optical ^he light, the driving mechanism is for rotating the 

fiber bundle leading an illuminating light radiated &om 40 (liaphragm blade and their control circuit are separately 

the light source apparatus to the tip of the insertable required. Therefore, defects have caused the number of 

part to illuininate an object 104 and a charge coupled ^ component parts to inc rea se and has caused the light 

device (CCD) 1(» as a soUd state imaging device built source apparatus to become large, complicated and 

within the tip part costly. 

The light source apparatus 102 is provided with a 45 Now, in an electronic endoscope apparatus using a 

light source such as, for example, a lamp (xenone lamp) sequential system, in order to improve the color 

110. The lamp 110 is regulated to be of a constant cur- reproductivity of an endoscope picture image, it is nec- 

rent so that, when an output signal of a pulse generating essary to adjust the color balance (white balance) of R, 

circuit 112 is input into a current regulating circuit 114, ^ and B in advance. In the case of using, for example, 

a flash will be emitted as synchronized with the signaL 50 pnor art example, the rotary filter 2 provided with 

A switching circuit 116 is connected to the current respective R, G and B color transmitting filters IR, IG 

regulating circuit 114 to form a light source lighting and IB as shown in FIG. 2 for a light source emitting a 

circuit 118. continuous light, there is used a method of adjusting the 

The light emitted from the lamp 110 is incident upon aperture ratio of the respective R, G and B color trans- 
the light guide 106 of the electronscope 100 through a 55 mitdng filters IR, IG and IB by usmg the light inter- 
diaphragm blade 1^, optical lens system 122 and rotary oepting member 3. Even if the aperture rates of tte 
filter 124. The diaphragm blade 120 is rotated by a respective R, G and B color transmitting filters 1R» IG 
driving device 126 and consists of a shtted plate or and IB are set in advance, depending on the dispersion 
honeycomb plate variable in the inclination with the of the imaging device or the like, it can not be said that 
Hght path. The rotary filter 124 is rotated by a motor 60 the best state can always be held. In such a case, a light 
128 and colors the illuminating Hght in red (R), green intercepting member is further added to the aperture 
(G) and blue (B) in turn. Th« is a light mtercepting surface ofthe filter set in advance, 
period between the exposure periods of the respective In this prior art example, even if the aperture rates of 
color compon^u. An optical sensor 130, detecting the the respective color transinitting filters are set in ad- 
exposure periods of the respective color components of 65 vance, due to the dispersion of the hnaging device or 
the rotary mtcr 124, is provided. When the exposure the like, the aperture rates of the respective color filters 
periods of the respective color components end, a pulse must be readjusted by using a light mtercepting mem- 
win be output from the optical sensor 130 and will be ber. In such a case, defects occur where no accurate 
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color balance a4rastment can be marifti a light int^c^t- FIOS. 9(a)-(g) axe an operation explaining view of 
ing member is required and a large amount of time is the first embodiment 

needed for the adjustment. FIG. 10 is a formation diagiam of the fourth embodi- 

Whsa a flash light source is used (which shall be meat of the present invention. 

referred to as a strobo lamp hereinafterX and when the 5 ^^«™™^™. 

energy fed to the strobo lamp is n»dc variable, the DETAILED DESCRIPTION OF PREFERRED 
emitted light amount can be adjusted. Therefore, when EMBODIMENTS 
proper energy is fed to the strobo lamp to emit a light FIG. 4 is a schematic diagram of the first embodi- 
within the aperture time of the respective R» G and B meat The <am^ reference numerals are attached to the 
color filters as shown in FIG. 3a, the R, G and B color 10 same parts as in the prior art example in FIG. 1. The 
balance can be adjusted the same as in the above men- difference &om the prior art example is that a delaying 
tioned example. circuit 150 is provided between the differential ampli- 

In order to make the fed energy variable, there is fier 144 and pulse gennating circuit 112 widiout pro- 
adopted a method wherein the number of times of the viding a diaphragm blade and diaphragm driving de- 
strobo light emission is made variable during the ^>er- 15 vice. For the convenience of explanation, here the sig- 
ture time of the respective color filters. nal processing circuit 140 and differential amplifier 144 

In the method wherein the number of times of the are combined to be a light adjusting signal generating 
Ught emission of the strobo lamp during the aperture circuit 152. 

periods of the respective color filters is thus controlled, FIG. 5 shorn the details of the delaying circuit 150 
it is necessary to expand the control range by iiK^reasing 20 and light adjusting signal generating circuit 152 of the 
the number of times of the light emission of the strobo first embodiment. The output of the CCD 108 is input 
lamp which therefore causes a defect in that the life of into the signal processing circuit 140. The output of the 
the strobo lamp is extremely reduced. signal processmg circuit 140 is fed to the integrator 154 

Also, as disclosed in a Japanese patent laid open No. consisting of a switdi SI, resistance Rl and capacitor 
205884/1984 (or U.S. Pat. No. 4,532,918), a multi- 25 CI. The switch SI is contn^ed to open and close by the 
strobo-type lamp b used such as the lamp is turned on control circuit 156. The output of the integrator 154 is 
and off repeatedly. This type of lamp requires a high fed to the differential amplifier 144. 
lighting voltage to be supplied each time it is turned on The delaying circuit 150 comprise a voltage control- 
after a stop. In consequence, noise is liable to be gener- ling resistor (VCR) 158 and a monostable multivibrator 
ated in the circuit and the circuit is inevitably rendered 30 160. The VC3Si 158 varies the resistance value with the 
complicated m construction. applied voltage. The output of the differential amplifier 

Objects and Summary of the Invention: 144 is applied to the VCR 158. The VCR 158 becomes 

To provide an improved endoscope light source de- a resistance determining the time constant of the mono- 
vice which is to suppress generation of noise when it is stable multivibrator 160. The output of the color signal 
started and which does not require the circuit to be- 35 synchnMizing circuit 132 is input into the monostable 
come complicated. multivibrator 160 and the output of the momostable 

In contrast to the multi-strobo-type lamp used in the multivibrator 160 b fed to the pulse generating circuit 
art of U.S. Pat No. 4,532,918. the D.C lighting type 112. 

lamp used in the present invention can be turned on and The operation of the first embodiment shall be ex- 
off simply by increasing or decreasing the level of the 40 plained in the following with reference to the toning 
electric current. Namely, it is not necessary to repeat- charts shown in FIGS. 6a to 6/ With the rotation of the 
edly turn on and off the high lighting voltage and the rotary filter 124, a color synchronizing signal such as is 
generation of noise is suppressed accordingly. The lamp shown in FIG. 6a will be output from the color signal 
of the type used m the art of U.S. Pat. No. 4,532,918 synchronizing circuit 132. The filtering manner by the 
cannot be used as the light source of the fiber scope, 45 rotary filter 124 is shown in FIG. 6b, The exposure 
whereas the lamp of the type used in the present inven- period is represented by tl and the light intercepting 
tion can be used as a light source for a fiber scope be- period is represented by t2. That is to say, when the 
cause it can be continously maintained in an on state. exposure of the respective colors ends, a color synchro- 

BRIEF DESCRIPTION OF THE DRAWINGS ^^ing signal will be output The color synchronizing 

j^L^ Ljn^r^ ii^r^ur irtii UKAWiJNU2> 5^ signal triggers the monostable multivibrator 160 but, m 

FIG. 1 is a block diagram of a light source apparatus this embodiment, the time constant of the monostable 
of the first prior art example. multivibrator 160 is determined by the VCR ISS vary- 

FIG. 2 is a view showing a rotary filter used in the mg the resistance value with the outpat of the light 
second prior art example. adjusting signal generating circuit. After the monosta- 

FIG. 3 shows operation explaining diagrams of the 35 ble multivibrator 160 b triggered and the time of the 
third prior art example. time constant passes, the output rises to output a pulse 

FIG. 4 is a schematic diagram of a Ught source appa- of a fixed width. The resistance value of the VCR 158 
ratns of the first embodiment of the present invention. will increase when the light adjusting signal increases 

FIG. 5 is a block dtagrnin showing a detailed forma- but will decrease when it decreases. Therefore, the 
tion of the first embodfanent 60 delayed time of the delaying circuit 150 will also in- 

FIGS. 6a"6f are timing charts showing the operation crease when the light adjusting signal increases but will 
of the first embodiment. - decrease when it decreases. 

FIG. 7 is a block diagram of an essential part of the It is assumed that the brightn^ of an object to be 
second embodiment of the present invention. imaged varies from being medium to being small aiid 

FIGS. 8 to 11 relate to the third embodiment of the 65 from being small to being large. The output video signal 
present invention. of the CCD 108 then is shown in FIG. 6c. This video 

FIG. 8 is a formation diagram of an electronic endo- signal is integrated by the integrator 154 and the inte- 
scope ^paratus provided with the third embodiment grated value per frame is held by the capacitor CI. This 
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integrated output is shown in FIG. 4Sc/. The integrated This inventicHi is not fimited to the above described 
ootpvt is fed to one input tenninal of the difiTerentiai embodiinent and can be variously modi&d. The lamp 
amplifier 144. The standard signal fed to the other input 110 may be any flashable lamps such as a direct current 
tmninalof the differential amplifier 144 is shown by the arc discharge lamp and strobo lamp. This fiashtog 
to>k«i line in the same diagram. The difiToence be- S means that the light amount can be increased or de- 
twera the standard signal and integrated signal is ap' creased by the increase or decrease of the lamp current 
plied as a light adjusting signal to the VCR 158 as a The tight need not always be extingushed during the 
control voltage. That is to say, the larger die brightness light intercepting period. Further, the delayed time of 
of the object to be imaged, die larger the delayed time the delaying circuit 150 can be manually adjust^ not by 
of the delaying circuit 150. 10 the light adjusting signal and the light may be adjusted 

Thus, the delayed signal delayed by T in response to ma nu a l l y not automatically. The light source for elec- 
the brightness of the object from the color synchroniz- tronscopes has been explained but can applied also to 
ing signal Qn FIG. 6a) is fed to the pulse generating a light source for fiberscopes wherein a tetev^on cam- 
circuit 112 fincmi the numo^table muMvibrator 160. The era n fitted to an eyepiece part 
delayed signal is shown in FI0.6e. During the period t3 i5 As explained above, according to the first and second 
in which this delayed signal is being generated, the ^nbodiments, there can be realized an endoscope lig^ 
pulse generating circuit 112 will flash die lamp 110 source iq)paratus of a simpte formation requiring neither 
throu^ the li^t source tig^Htig device 118. Here, mrchani r al diaphragm blade nor diaphragm driving 
when the brightness of the object is mf^rfi^im or large, device. Thus, die number of the component parts is 
before the flashing period t3 ends, the light intercepting 20 reduced, the apparatus can be made small and the price 
period t2 of die rotary filter will start and therefore the can be made low. 

later half of the emitted Hght will be intercepted as As shown in FIG. 8, an electronic endoscope appara- 
shown in FIG. 6/. Therefore, the emitted light amount ^ U provided with the third embodiment comprises 
of the lamp 110 incident upon the Hght guide 106 will an electronic endoscope 13 having an insertable part 12 
reduce to be smaOer then when the brightness of the ^ elongated so as to be insertable mto a body cavity or the 
object is small. Therefore, even if no diaphragm is used, a video processor 14 into which the signal imaged 

the Hgjxt will be able to be automatically adjusted. this electronic endoscope 13 is to be input and a 

The following relations are necessary among the cx)lor monitor 15 color-displaying the video signal pro- 
flashmg period t3, exposure period tl and light inter- cussed by dus video processor 14. 
citing period t2. 30 A (video) processing circuit 16 processing the signal, 

a light source apparatus 17 feeding an illuminating light 
t3<t3 <i) andacolorbalmuseadjustingpart 18 are built within the 

above mentioned video processor 14w 
rt4-t2>T4.t3 (2) A light guide 21 transmitting the illuminating light is 

35 inserted through the insert£d)le part 12 of the above 
As explained above, according to this anbodiment, mentioned eieOronic endoscope so that the illuminating 
there can be realized an endoscope light source appara- light fed from the light source part 17 to the entrance 
tus wherein, by delaying the flasiiing starting timing of end may be transmitted to be emitted from the exit end 
the lamp to be later than the exposure starting timisig of and an object 23 to be imaged may be illuminated by the 
the FOtEury filter in response to the light adjusting signal, 40 illuminating Hght expanded through a light distributing 
the light can be automatically adjusted with a simple lens 22. 

formation without using the diaphragm blade. The illuminated object 23 is imaged on the imaging 

SuK^ as the li^t adjusting signal b determined on t^^ surface of a CCD 25 by an objective lens 24. When a 
basis of the difference between the integrated output driving signal output from a driver 26 is applied, the 
and standard signal, the light can be adjusted to be of 45 CCD 25 will output a photoelectrically converted sig- 
any desired brightness by varying the voltage of the naL This signal is amplified by an amplifier 27 and is 
standard signal then input into the processing drcuit 16 within the 

. The second embodimmt of this invention shall be video processor 14 through a signal cable 28. The signal 
explained in die following. FIG. 7 is a block diagram of is processed by this processing circuit 16 to produce an 
an essential part of the second embodiment. The second 50 NTSC compound video signal which is color-displayed 
embodiment is differ^it &om the first embodiment only by the color monitor 15. 

in the formation of the delaying circuit 150 but is the The above mentioned light source apparatus 17 
same otherwise. That is to say, the ou^ut of the differ- within the above mentioned video processor 14 is of a 
ential amplifirr 144- is input into an A/D converter 170. field sequential type. The white light of a light source 
The A/D convertier 170 converts the A/D by a sam- 55 lamp 31 is made a parallel beam by a collimator lens 32. 
pHug pulse from the control drcuit 156, makes only the A rotary filter 34 rotated and driven by a motor 33 is 
output of any of 1 to n effective and conducts only the interposed on a light path made by this parallel beam, 
correpondmg analogue switch in the analogue switch The light passed through this rotary filter 34 is f^xrther 
circuit 17Z Thereby, any one of extanal resistances condensed by a condenser lens 35 and is radiated onto 
RX 1 to RXu. is selected and is connected to the time 60 the «itrance end surfSace of the light guide 21. 
constant circuit of the mbnostable multivibrator 160 and In the ^>ove mentioned rotary filter 34^ three sector 
the time constant is determined by-Rx and Cx. There- apertures are formed in a disc frame and color transmit- 
fore, also in the second embodiment, as the delaying ting filters 34R, 34G and 34B transmitting respectively 
drcuit 150 feeds a delayed signal delayed from the color red, green and blue colors are fitted in the respective 
synchronizing signal to die pulse genewiting circuit in 65 apertures. When the rotary filter 34 is rotated and 
response to the light adjusting signal, the flashing start driven, these color (transmittmg) filters 34R, 34G and 
of the lamp 110 will be delayed and the light will be 34B will be interposed and retreated sequentially in the 
automatically adjusted. course of the 1^ path. The time when the respective 



4,870,487 



color filters 34R, 340 and 34B are interposed on the 
light path is mentioned as tiie aperture time of the filter. 

When the above mentioned color filters 34R, 34G 
and 34B are interposed sequentially on the light path, 
the lights, that is, the red, green and blue iUmmnating 
lights having passed through these color filters 34K« 
34G and 34B, wiU be fed sequentially onto the entrance 
end surface of the light guide 21. Therefore, the object 
23 is iOusiinated sequentially by the lights of wave* 
lengths of red, green and blue. The signal imaged under 
this field sequential illuminating state is input into the 
proces^ng circuit 16u 

Now, the motor 33, to make the above mentioned 
field sequential illumination, is controlled by the rota- 
tion controlling signal output from a motor controlling 
dicmt 36 so that its rotating speed may be constant. A 
standard clodc signal CLK output firom a standard sig- 
nal generating ctrcuit 37 is input into this motor control- 
ling circuit 36 to produce a rotation controlling signal 
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aperture time and timing of the respective color filters 
synchronized with the standard clock signal are deter- 
mined. Here, Tl represents the aperture time of R(red), 
T2 represents die aperture time of Q(green) ami T3 
5 represents the aperture time of B(blue). As in FIG. 9c, a 
li^t emittuig timing signal syndxronized with the stan- 
dard clock signal, the same as -in the above mentioned 
apoture time, is output from the timing controlling 
circuit 38. Sij^s delayed by the time tl for the rise of 
10 the aperture time of R, by the tone t2 for the rise of the 
apertiue thne of G and by the time t3 for the rise of the 
aperture time of B are shown to be output The signal 
shown in FIG. 9c is input into a lighting device 39 for 
lighting and controlling the light source lamp 31. The 
15 light source lamp 31 emits a light as synchronized with 
the above mentioned light emitting timing signaL FIGS. 
9d and 9e are of esanq>ies of controlling the current fed 
to a continuously lighted lamp such as a direct current 
arc discharge lamp* The output light output on a low 



synchronized with this standard clock signal CLK. As 20 levei shows a residual light. In this example, the current 



the motor 33 is synchronized with the standard clock 
signal CLK and is controlled to be at a constant speed, 
as shown in FIG. 9^, the aperture time when the respec- 
tive color filters 34R, 34G and 34B are interposed on 
the light path will be also synchronized with the stan- 23 
dard clock agnal CLK m FIG. 9a. The above mo- 
tioned standard signal generating circuit 37 outputs the 
standard clock signal CLK also to a timing controlling 
circuit 38* This timing controlling circuit 38 outputs a 
light emitting timing signal such as is shown in FIG. 9c 30 
to a lighting device 39 lifting the light source lan^> 31 
to control the light emitting time of the li^t source 
lamp 31. 

By the above mentioned light emitting timing signal. 



of the lamp is controlled as synchronized with the light 
emitting timing signal to control the emitted light 

As shown in FIG. 9, as the light source emits a light 
(the light amount increases) as delayed by the time tl 
(or t2 or t3) for the timing of the filter aperture time Tl 
(or T2 or T3), the light emission will continue to the 
light intercepting period of the rotary filter 34. That is 
to say, if the filter aperture time and the light emitting 
timing are simultaneous without delay, the emitted light 
will be all emitted during the period of tR (or tG or tB) 
and the light amount wiU be 100% output light but, if a 
delayed time of tl (or t2 or t3) is provided, the emitted 
light will be delayed by the time of tl(or t2 or t3) and 
the light will beconxe darker by the emitted light for the 



the light emitting time of the light source lai^ 31 is 35 time of tl (or t2 or t3) than in the state of 100%. In the 



controlled and, by the relation between this ligiht emit- 
ting tune and the filter aperture tim«, the fed light . 
amount (emitted light amount) fed actually to the light 
guide 21 is variably controlled and the color balance is 
adjusted. 40 

That is to say, when the light emitting timing ja grml is 
made to coincide with the aperture time of the filter, the 
timing, when the color filters 34R, 34G and 34B are 
interposed on the light path and the timing when the 
light source lamp 31 emits the light will coincide with 4S 
each other and therefore the emitted light amount to the 
light guide 21 will become large. On the other hand, 
when the light emitting timing time is displaced as 
shown in FIG. 9c from this filter aperture time, as 



present application, the color balance is adjusted by 
utilizing this point When the above mentioned time tl, 
t2 and t3 are independently fireely controlled, the 
amount of the emitted light colored in the respective 
colors will be varied and therefore the color balance 
can be adjusted very simply and accurately. For exam- 
ple, after the time tl, t2 and t3 are set to be optimum, if 
the time tl, t2 and t3 are varied at the same ratio so as 
to follow the brightness level of the video signal, the 
light can be adjusted. 

FIGS. 9/ and % are of examples of using a strobo 
lamp. The differeoce in this case is the difference of the 
light emitting system of the light source lamp 31. 
The above mentioned direct current arc discharge 



shown in FIG. 9d, the light emitting time will be dis- 50 lamp has a characteristic that it can not be lighted just 



placed and the light emitting waveform will be also 
displaced. Only for the light emitting period overlap- 
ping the aperture time, the output l^t will be fed actu- 
ally to the light gtiide 21. Tltis output light period is 
shown in FIG, 9c. 55 

Thus, the timing of outputting the light emitting tim* 
tng signal is controlled and the emitted light amount to 
the Hght guide is variably controlled to adjust the color 
balance. 

The operation of the embodiment in FIG. 7 shall be 60 
explained in the following with r^erence to FIG. 9. 



after it is extinguished. Therefore, the lamp current is 
increased or decreased to emit a light as synchronized 
with the light emitting timing, fa such a case, a residual 
light shown in FIG. 9e will be generated. On the other 
hand, in the strobo lamp, there are advantages that the 
light can be perfectly set on and of^ can be therefore 
continuously emitted within a short time, the flashing 
time is also short, therefore the imngiTig time is short 
and a sharper image is obtained. 

FIG. 10 shows a concrete formation of the fourth 
embodiment 

In this embodiment a sensor 51 is for sensing the 
rotating speed of the rotary filter 34 and the waveform 
shaping circuit 52 is for shaping the waveform of a 



As in FIG. 9a, a standard clock signal is oscillated by 
the standard signal generating circuit 37 and is input 

into the motor controlling circuit 36 and timing control* ^ ^^^^.^ 

ling circuit 38. The rotary filter 34 fitted to the motor 33 65 sig^ output from this sttsorTTand mputting the^ig* 

IS controlled to rotate at a constant speed by the motor nal into the counter 41. - 

controUmg circuit 36 by the signal synchronized with The above mentioned sensor 51 comprises a light 

the standard clock signaL Therefore, as in FIG. 9b, the emitting device and Ught receivmg device Slo arranged 
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to hold a filter frame, for example, of the rotary filter 34 
so that a fight pulse, in case the light raxiving device 
51a receives the tight of tiw ii^it emitting device 
through holes 34a provided at regular intervals in the 
. perq)heial direction of the filter frame, may be photo- ^ 
electrically converted and led to the waveform aftaping 
circuit 52. 

The motor 33 fitted with the rotary filter 34 rotates at 
a constant speed by the motor controlling circuit 3d. 
Hie sensor 51, seising the rotating speed of the rotary 
filter 34k is provided in a proper pootion <m the pex^ih- 
ery of Uie rotary filt^ 34 so that the signal obtained 
from the sensor 51 may have the waveform shaped by 
the waveform shaping circuit 52. This signal opmttes as 
a staxKlard clodc signal as in FIG. 9a 

The operation of this embodiment shall be explained 
in the following. 

A standard dock signal obtained by the above men- 
tioned waveform shaping drcuit 52 is counted by the 
counter 41, is synchronized with the aperture time of 
the filter and is fed to the respective delaying drcuits 
42R, 42G and 42B. Therefore, a light emitting timing 
signal, having the delayed time tl, t2 and t3 set by the 
constants Ri and O provided in the respective delaying 2S 
circuits, is fed to the lighting device 39 as in FIO. 9c. 
Therefore, the emitted Ught amount passing through 
the respective color filters can be fre^y adjusted and 
therefore the color balance can be adjusted. 

In this embodiment, even wh^ the speed of the ro- 30 
tary filter 34 is unstable, as the rotating speed is always 
sensed and the Hght emitting timing signal is output, the 
color balance can be adjusted more accurately. 

A means of detecting the positions of the respective 
color filters interposed on the light path may be pro- 35 
vided and ^e lig^it may be extinguished except at the 
i^ertnre time* 

The above mentioned respective embodiments have a 
feature that the colors can be balanced irrespective of 
the kind of the light source lamp. ^ 

The emitted li^t amount can be also controlled by 
emitting, as pulses, the emitted light amounts of the 
O and B lamps. 

As described above, accordmg to the fourth embodi- 
meatf as the . lighting of the light source lamp is con- 
trolled through the delaying means synchronized with 
the time when the r^pective color filters of the rotary 
filter are interposed, the color balance can be adjusted 
at a higji precision with a simple formation. * 

What is claimed is: 

1. A light source device for supplying illuminating 
light to an endoscope comprising: 

a short-arc lamp emitting light in response to a supply 
of a D.C current 

lighting drcuit means for supplying a D.C. base cur- 
rent of a low level to said short*arc lamp and for 
supplying a pulse current of a high levd at a suit- 
able period to turn on said short^arc lamp; and 

shutter means, disposed in a patii of light of the illumi- ^ 
nating light emitted from said short-arc lamp, said 
shutter means for opening and dosing at a period 
which is substantially the same as the period of 
turning on of said short-arc lamp.. 

2. A light source device according to claim 1, 65 
wherein said, lighting circuit means is for supplying at 
least said D.C. base current in the period in which said 
shutter means i$ closed. 
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3. A light source device according to claima 1 or 2, 
wherein said lighting drcuit means is for supplying said 
D.C base current regardless of a state of said shatter 

4. A light source device according to any one of 
claitnft 1 or 2, wherein said Gutter means indudes a 
rotary filter having a light-shielding disk frame having a 
plurality of sector oponngs arranged in the drcumfer- 
eatial*directioa and color transmitting filters on the 
plurality of sector openhigs, axul a motor for rotatingly 
driving said rotary ffiter to bring said color transmission 
filters successtvdy into the path of the illuminating 
light. 

5. A light source device according to claim 4^ 
wherein sa^ cdor transmission filters transmit limits of 
wavdengths corresponding to red, green and blue col- 
ors. 

6. A light source device for supplying illmninating 
Hght to an endoscope comprising: 

a short-arc lamp emitting light in response to a supply 
of a D.C current; 

lighting circuit means for supplying a D.C base cur- 
rent of a low levd to said short-arc lamp and for 
supplying a pulse current of a hi^ level at a suit- 
able period to torn on said short-arc lamp; and 

shutter means, disposed in a path of light of the illumi- 
nating Ught emitted from said short-arc lamp, said 
shutter means for opening and closing at a period 
which is substantiafiy the same as the period of 
turning on of said short-arc lamp, said shutter 
means including a rotary filter having a tight- 
shielding disk frame having a plurality of s^or 
openings arranged in the circumferential direction 
and color transmittix^ filters on the plurality of 
sector opoungs, and a motor for rotatingly driving 
said rotary filter to bring said color transmission 
filters suxxessivdy into the path of the illuminating 
tight, wherem said fighting drcuit supplying said 
D.C base current regardless of a state of said shut- 
ter means. 

7. A light source device for supplying illuminating 
light to an endoscope comprising: 

a short-arc lamp emitting fight in response to a supply 
of a D.C current; 

fighting circuit means for supplying a D.C base cur- 
rent of a low level to said short-arc lamp and for 
supplying a pulse current of a high level at a suit- 
able period to turn on said short-arc lamp; and 

shutter means, disposed in a path of light of the fflumi- 
natiug light emitted from said short-arc lamp, said 
shutter means for opdiing and closing at a period 
which is substantiaUy the same as the period of 
turning on of said short-arc lamp, said shutter 
means induding a rotary filter having a tight- 
shielding disk frame having a plurality of sector 
openings arranged in the circumferential direction 
and color trammitting filters on the pluratity of 
sector openings, and a motor for rotatingly driving 
said rotary filter to bring said color transmission 
filters successivdy into the path of the illuminating 
tight, wherein said fighting circmt means for sup- 
plying at least said D.C base current in the period 
in which said shutter means is closed. 

8. A light source device according to claims 6 or 7, 
wherem said color transmission filters transmit ligfate of 
wavdengths corresponding to red, green and blue col- 
ors. 
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